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COMMUNICATION METHOD , AND TRANSMITTING APPARATUS AND 

RECEIVING APPARATUS USING THAT COMMUNICATION METHOD 



Technical Field 
5 The present invention relates to a communication method, 

and a transmitting apparatus and receiving apparatus that use 
that communication method. 

Background Art 

10 FIG.l is a block diagram showing the configuration of 

a conventional radio transmitting apparatus and receiving 
apparatus. A modulated signal generation section 02 has a 
transmit digital signal 01 as input, and outputs a modulated 
signal 03 . 

15 A radio section 04 has a modulated signal as input, and 

outputs a transmit signal 05. 

A power amplification section 06 has transmit signal 
0 5 as input, amplifies transmit signal 05 and outputs amplified 
transmit signal 07, and then amplified transmit signal 07 is 
20 output as a radio wave from an antenna 08. 

A radio section 11 has as input a received signal 10 
received from an antenna 09, and outputs a received quadrature 
baseband signal 12. 

A demodulation section 13 has received quadrature 
25 baseband signal 12 as input, and outputs a received digital 
signal 14 . 

Thus, in a conventional apparatus, a plurality of 
modulated signals are not multiplexed. 
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Also, when a plurality of modulated signals are 
transmitted and are multiplexed, and the transmitted 
multiplexed signals are separated and demodulated by the 
receiving apparatus , itisnecessaryto perform high-precision 
5 separation and demodulation. 

Disclosure of Invention 

It is an object of the present invention to provide a 
communication method that enables compatibility between data 

10 transmission speed and received data quality to be achieved, 
and a transmitting apparatus and receiving apparatus that use 
that communication method. 

This object is achieved by improving the data 
transmission speedbyhaving a transmitting apparatus transmit 

15 a plurality of modulated signals multiplexed, and a receiving 
apparatus separate and demodulate the transmitted multiplexed 
modulated signals. Also, by configuring in accordance with 
either a method whereby one modulated signal of a communication 
system is transmitted, or a method whereby a plurality of 

20 modulated signals of a communication system are multiplexed 
and transmitted, by frequency and time, it is possible for 
a communicating party to obtain information accurately by 
transmitting information of high importance by means of a 
method whereby one modulated signal of a communication system 

25 is transmitted. Moreover, by performing communication by 
frequency or time of a method whereby one modulated signal 
of a communication system is transmitted, and by frequency 
or time of a method whereby a plurality of modulated signals 
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of a communication system are multiplexed and transmitted, 
according to the communication conditions, it is possible to 
make information transmission speed and received data quality 
compatible . 

5 

Brief Description of Drawings 

FIG.l is a block diagram showing an example of the 
configuration of a conventional radio transmitting apparatus 
and receiving apparatus; 
10 FIG. 2 is a drawing showing an example of the frame 

configuration on the frequency- time axes of each channel 
according to Embodiment 1 of the present invention; 

FIG. 3 is a block diagram showing the configuration of 
a transmitting apparatus of this embodiment; 
15 FIG. 4 is a block diagram showing the configuration of 

a receiving apparatus of this embodiment; 

FIG. 5 is a drawing showing an example of the arrangement 
of a base station and terminals according to Embodiment 2 of 
the present invention; 
20 FIG. 6 is a block diagram showing an example of the 

configuration of a receiving apparatus of this embodiment; 

FIG. 7 is a block diagram showing an example of the 
configuration of a transmitting apparatus of this embodiment; 

FIG. 8 is a block diagram showing an example of the 
25 configuration of a receiving apparatus of this embodiment; 

FIG. 9 is a drawing showing communication signal frame 
configurations according to Embodiment 3 of the present 
invention; 
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FIG. 10 is a drawing showing a communication 

signal frame configuration according to Embodiment 3 of the 
present invention; 

FIG. 11 is a drawing showing the base station transmit 
5 signal frequency arrangement according to this embodiment; 

FIG. 12 is a block diagram showing an example of the 
configuration of a transmitting apparatus of a base station 
according to this embodiment; 

FIG. 13 is a block diagram showing the configuration of 
10 a receiving apparatus of a terminal according to this 
embodiment ; 

FIG. 14 is drawingshowingan example of the configuration 
of a receiving apparatus of a terminal according to Embodiment 

4 of the present invention; 

15 FIG. 15 is a drawing showing an example of the 

configuration of a transmitting apparatus of a base station 
according to this embodiment; 

FIG. 16 is a drawing showing an example of the frame 
configuration on the f r equency- t ime axes of channel A and 
20 channel B according to this embodiment; 

FIG. 17 is a drawing showing an example of the 
configuration of a receiving apparatus according to Embodiment 

5 of the present invention; 

FIG. 18 is a block diagram showing an example of the 
25 configuration of a receiving apparatus of a terminal according 
to Embodiment 6 of the present invention; 

FIG. 19 is a block diagram showing an example of the 
transmit signal frame configuration transmitted by a base 



5 

station according to Embodiment 7 of the present 

invention; 

FIG. 20 is a block diagram showing an example of the 
configuration of a transmitting apparatus according to 
5 Embodiment 7 of the present invention; 

FIG. 21 is a block diagram showing an example of the 
configuration of a receiving apparatus according to Embodiment 
7 of the present invention; 

FIG.22A is a drawing showing an example of the signal 
10 point arrangement in the I-Q plane when a channel B signal 
undergoes differential encoding with respect to a channel A 
signal; 

FIG.22B is a drawing showing an example of the signal 
point arrangement in the I-Q plane when a channel B signal 
15 undergoes differential encoding with respect to a channel A 
signal ; 

FIG.22C is a drawing showing an example of the signal 
point arrangement in the I-Q plane when a channel B signal 
undergoes differential encoding with respect to a channel A 
20 signal; 

FIG.22D is a drawing showing an example of the signal 
point arrangement in the I-Q plane when a channel B signal 
undergoes differential encoding with respect to a channel A 
signal ; 

25 FIG.22E is a drawing showing an example of the signal 

point arrangement in the I-Q plane when a channel B signal 
undergoes differential encoding with respect to a channel A 
signal ; 
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FIG.22F is a drawing showing an example of the 
signal point arrangement in the I-Q plane when a channel B 
signal undergoes differential encoding with respect to a 
channel A signal; 
5 FIG.22G is a drawing showing an example of the signal 

point arrangement in the I-Q plane when a channel B signal 
undergoes differential encoding with respect to a channel A 
signal; 

FIG.22H is a drawing showing an example of the signal 
10 point arrangement in the I-Q plane when a channel B signal 
undergoes differential encoding with respect to a channel A 
signal; 

FIG.23A is a drawing showing an example of the signal 
point arrangement in the I-Q plane when a channel B signal 
15 undergoes differential encoding with respect to a channel A 
signal ; 

FIG.23B is a drawing showing an example of the signal 
point arrangement in the I-Q plane when a channel B signal 
undergoes differential encoding with respect to a channel A 
20 signal; 

FIG.23C is a drawing showing an example of the signal 
point arrangement in the I-Q plane when a channel B signal 
undergoes differential encoding with respect to a channel A 
signal ; 

25 FIG.23D is a drawing showing an example of the signal 

point arrangement in the I-Q plane when a channel B signal 
undergoes differential encoding with respect to a channel A 
signal ; 
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FIG.24A is a drawing showing an example in which 
channel B M-ary modulation I-Q plane signal point arrangement 
is performed based on channel A PSK modulation; 

FIG.24B is a drawing showing an example in which channel 
5 B M-ary modulation I-Q plane signal point arrangement is 
performed based on channel A PSK modulation; 

FIG.24C is a drawing showing an example in which channel 
B M-ary modulation I-Q plane signal point arrangement is 
performed based on channel A PSK modulation; 
10 FIG.24D is a drawing showing an example in which channel 

B M-ary modulation I-Q plane signal point arrangement is 
performed based on channel A PSK modulation; 

FIG.25A is a drawing showing an example in which channel 
B M-ary modulation I-Q plane signal point arrangement is 
15 performed based on channel A PSK modulation; 

FIG.25B is a drawing showing an example in which channel 
B M-ary modulation I-Q plane signal point arrangement is 
performed based on channel A PSK modulation; 

FIG.25C is a drawing showing an example in which channel 
20 B M-ary modulation I-Q plane signal point arrangement is 
performed based on channel A PSK modulation; 

FIG.25D is a drawing showing an example in which channel 
B M-ary modulation I-Q plane signal point arrangement is 
performed based on channel A PSK modulation; 
25 FIG.26A is a drawing showing an example in which channel 

B M-ary modulation I-Q plane signal point arrangement is 
performed based on channel A PSK modulation; 

FIG.26B is a drawing showing an example in which channel 
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B M-ary modulation I-Q plane signal point arrangement is 
performed based on channel A PSK modulation; 

FIG.26C is a drawing showing an example in which channel 
B M-ary modulation I-Q plane signal point arrangement is 
5 performed based on channel A PSK modulation; 

FIG.26D is a drawing showing an example in which channel 
B M-ary modulation I-Q plane signal point arrangement is 
performed based on channel A PSK modulation; 

FIG. 27 is a drawing showing an example of base station 
10 transmit signal frame configurations of this embodiment; 

FIG. 28 is a drawing showing an example of pilot symbol 
signal point arrangement in the I-Q plane according to this 
embodiment ; 

FIG. 29 is a drawing showing an example of base station 
15 transmit signal frame configurations according to this 
embodiment ; 

FIG. 30 is a drawing showing an example of the 
configuration of a receiving apparatus according to this 
embodiment ; 

20 FIG. 31 is a block diagram showing an example of a 

demodulation section of this embodiment; 

FIG. 32 is a block diagram showing an example of a 
demodulation section of this embodiment; 

FIG. 33 is a block diagram showing an example of a 
25 demodulation section of this embodiment; 

FIG. 34 is a block diagram showing an example of a 
demodulation section of this embodiment; 

FIG. 35 is a block diagram showing an example of the 



9 

configuration of a receiving apparatus according to this 
embodiment ; 

FIG. 36 is a block diagram showing an example of a 
demodulation section of this embodiment; 
5 FIG. 37 is a block diagram showing an example of the 

configuration of a transmitting apparatus according to 
Embodiment 8 of the present invention; 

FIG. 38 is a block diagram showing an example of the 
configuration of a receiving apparatus according to Embodiment 
10 8 of the present invention; 

FIG. 39 is a drawing showing an example of base station 
arrangement according to Embodiment 9 of the present 
invention; 

FIG. 40 is a block diagram showing the configuration of 
15 a base station receiving apparatus according to Embodiment 
9 of the present invention; 

FIG. 41 is a block diagram showing the configuration of 
a base station transmitting apparatus according to Embodiment 
9 of the present invention; 
20 FIG. 42 is a drawing showing an example of the 

configuration of a terminal receiving apparatus according to 
Embodiment 9 of the present invention; 

FIG. 43 is a drawing showing an example of the 
configuration of a terminal transmitting apparatus according 
25 to Embodiment 9 of the present invention; 

FIG. 44 is a drawing showing an example of base station 
arrangement according to Embodiment 9 of the present 
invention; 
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FIG. 45 is a drawing showing an example of base 

station frame configurations according to Embodiment 10 of 
the present invention; 

FIG. 46 is a drawing showing an example of base station 
5 frame configurations according to Embodiment 10 of the present 
invention; 

FIG. 47 is a drawing showing an example of the 
configuration of a base station transmitting apparatus 
according to Embodiment 10 of the present invention; 
10 FIG. 48 is a drawing showing an example of the 

configuration of a base station receiving apparatus according 
to Embodiment 10 of the present invention; 

FIG. 49 is a drawing showing an example of the 
configuration of a terminal receiving apparatus according to 
15 Embodiment 10 of the present invention; 

FIG. 50 is a drawing showing an example of the 
configuration of a terminal transmitting apparatus according 
to Embodiment 10 of the present invention; 

FIG. 51 is a drawing showing an example of the frame 
20 configuration of a modulated signal transmitted by a terminal 
according to Embodiment 10 of the present invention; 

FIG. 52 is a drawing showing an example of the 
configuration of a terminal receiving apparatus according to 
Embodiment 10 of the present invention; 
25 FIG. 53 is a block diagram showing an example of base 

station transmit signal frame configurations according to 
Embodiment 12 of the present invention; 

FIG. 54 is a drawing showing an example of the 
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configuration of a terminal receiving apparatus 
according to Embodiment 12 of the present invention; 

FIG. 55 is a drawing showing an example of the 
configuration of a terminal transmitting apparatus according 
5 to Embodiment 11 of the present invention; 

FIG. 56 is a drawing showing an example of the frame 
configuration of a modulated signal transmitted by a terminal 
according to this embodiment; 

FIG. 57 is a drawing showing an example of the 
10 configuration of a base station transmitting apparatus 
according to Embodiment 11 of the present invention; 

FIG. 58 is a drawing showing an example of the 
configuration of a base station receiving apparatus according 
to Embodiment 11 of the present invention; 
15 FIG. 59 is a drawing showing an example of the 

configuration of a base station transmitting apparatus 
according to Embodiment 11 of the present invention; and 
FIG. 60 is a drawing showing a sample configuration of 
a channel multiplexing communication system using a beam space 
20 mode typified by an eigenmode in a MIMO system. 

Best Mode for Carrying out the Invention 

With reference now to the accompanying drawings, 
embodiments of the present invention will be explained in 
25 detail below. 

(Embodiment 1) 

In this embodiment, a description is given of a 
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transmitting apparatus that transmits non-multiplexed 
and multiplexed carriers in transmit frames in a multicarrier 
communication system, and a receiving apparatus that can 
demodulate a modulated signal of either carrier. 
5 FIG. 2 is a drawing showing an example of the frame 

configuration on the frequency- time axes of each channel 
according to Embodiment 1 of the present invention. In FIG. 2, 
the vertical axis indicates frequency and the horizontal axis 
indicates time. Reference numeral 101 indicates a guard 

10 symbol, reference numeral 102 indicates an information symbol, 
reference numeral 103 indicates an estimation symbol, and 
reference numeral 104 indicates a control symbol. 

In FIG. 2, guard symbols 101 are symbols for which there 
is no modulated signal. Estimation symbols 103 are pilot 

15 symbols for estimating, for example, time synchronization, 
frequency synchronization, and distortion due to the channel 
fluctuation, or a unique word or preamble, for which a known 
signal such as a BPSK modulated signal, forexample, is suitable 
Control symbols 104 are symbols that transmit information used 

20 by a terminal for control, and are symbols for transmitting 
information by means of information symbols 102. 

A feature of the communication method of this embodiment 
is that, in a particular carrier 1, only symbols of one channel 
are transmitted, and information symbols of a plurality of 

25 channels are transmitted and are multiplexed in other 
carriers . 

That is to say, in FIG. 2, in carrier 1 through carrier 
6, only channel A information symbols are transmitted, and 
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in carrier 7 through carrier 12, channel A information 
symbols and channel B information symbols are transmitted and 
are multiplexed. 

Similarly, in carrier 1 through carrier 6, only channel 
5 A estimation symbols are transmitted, and in carrier 7 through 
carrier 12, channel A estimation symbols and channel B 
estimation symbols are transmitted and are multiplexed. 

A transmitting apparatus that transmits signals with 
the frame configuration in FIG. 2 will now be described. FIG. 3 

10 is a block diagram showing the configuration of a transmitting 
apparatus of this embodiment. 

A frame configuration signal generation section 221 
generates frame configuration information based on an input 
control signal 223, and outputs a frame configuration signal 

15 222 comprising this frame configuration information to a 
serial/parallel conversion section 202 and serial/parallel 
conversion section 212. 

The part that processes and transmits a FIG. 2 channel 
A signal by means of serial/parallel conversion section 202, 

20 an inverse discrete Fourier transform section 204, radio 
section 206, power amplification section 208 , and antenna 210 
is described below. In channel A, a signal is transmitted 
with information symbols, estimation symbols, and control 
symbols placed in carriers 1 through 12, as shown in FIG. 2. 

25 Serial/parallel conversion section 202 converts a 

channel A transmit digital signal 201 to parallel data with 
an arrangement in accordance with frame configuration signal 
222, and outputs a converted parallel signal 203 to inverse 
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discrete Fourier transform section 204. Specifically, 

serial/parallel conversion section 202 arranges information 
symbols, estimation symbols, and control symbols in carriers 
1 through 12 as shown in FIG. 2. 
5 Inverse discrete Fourier transform section 204 performs 

inverse discrete Fourier transform processing of channel A 
parallel signal 203, and outputs a converted signal 205 to 
radio section 206. Radio section 206 converts signal 205 to 
radio frequency and creates a transmit signal 207, and outputs 

10 transmit signal 207 to power amplification section 208. 

Power amplification section 208 amplifies the power of 
transmit signal 207, and a power-amplified transmit signal 
209 is transmitted from antenna 210 as a radio wave. 

Next, the part that processes and transmits a FIG. 2 

15 channel B signal by means of serial/parallel conversion 
section 212, an inverse discrete Fourier transform section 
214, radio section 216, power amplification section 218, and 
antenna 220 will be described. In channel B, . a signal is 
transmitted with guard symbols placed in carriers 1 through 

20 6, and information symbols, estimation symbols, and control 
symbols placed in carriers 6 through 12, as shown in FIG. 2. 

Serial/parallel conversion section 212 converts a 
channel B transmit digital signal 211 to parallel data with 
an arrangement in accordance with frame configuration signal 

25 222, and outputs a converted parallel signal 213 to inverse 
discrete Fourier transform section 214. 

Inverse discrete Fourier transform section 214 performs 
inverse discrete Fourier transform processing of parallel 
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signal 213, and outputs a converted signal 215 to 

radio section 216. 

Radio section 216 converts signal 215 to radio frequency 
and creates a transmit signal 217, and outputs transmit signal 
5 217 to power amplification section 218. 

Power amplification section 218 amplifies the power of 
transmit signal 217, and a power-amplified transmit signal 
219 is transmitted from antenna 220 as a radio wave. 

Thus, in a particular channel , carriers are divided into 
10 carriers in which guard symbols are placed and carriers in 
which information symbols are placed, and in another channel, 
information symbols are done away with in all carriers, and 
the same carriers are shared (multiplexed) by a plurality of 
channels . 

15 The operations whereby the transmitting apparatus in 

FIG. 3 transmits signals with the frame configurations in FIG. 2 
will now be described. 

Serial/parallel conversion section 202 has transmit 
digital signal 201 and frame configuration signal 222 as input, 

20 and places symbols in accordance with the channel A frame 
configuration in FIG. 2 - that is to say, configures a frame 
by placing information symbols, control symbols, and 
estimation symbols in carrier 1 through carrier 12, and 
generates channel A parallel signal 203. 

25 Channel B serial/parallel conversion section 212 has 

channel B transmit digital signal 211 and frame configuration 
signal 222 as input, and places symbols in accordance with 
the channel B frame configuration in FIG. 2 - that is to say, 
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configures a frame by placing information symbols, 
control symbols, and estimation symbols in carrier 7 through 
carrier 12, and generates channel B parallel signal 213. 
Estimation symbols 103 are inserted for time 
5 synchronization and frequency offset estimation. Also, 
channel A carrier 1 through carrier 6 estimation symbols are 
used by a receiving apparatus to estimate propagation path 
distortion and demodulate channel A carrier 1 through carrier 

6 information symbols. At this time, estimation symbols are 
10 not inserted in carrier 1 through carrier 6 in channel B. 

Estimation symbols of channel A and channel B carrier 

7 through carrier 12 are symbols for separating information 
symbols of channel A and channel B carrier 7 through carrier 
12. For example, by using mutually orthogonal symbols for 

15 estimation symbols comprising channel A carrier 7 through 
carrier 12 and estimation symbols comprising channel B carrier 
7 through carrier 12, itiseasytoseparate information symbols 
of channel A and channel B carrier 7 through carrier 12. 

When channel A carrier 1 through carrier 6 information 

20 symbols and channel A and channel B carrier 7 through carrier 
12 information symbols are compared, in the receiving 
apparatus channel A carrier 1 through carrier 6 information 
symbols are of better quality than channel A and channel B 
carrier 7 through carrier 12 information symbols. 

25 Considering this fact, it is appropriate for information of 
high importance to be transmitted in channel A carrier 1 through 
carrier 6 information symbols. "Importance" here refers to 
data whose reception quality it is wished to ensure, such as 
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modulation method or error correction method 

information, or transmitter/receiver procedure related 
information, for example. 

It is also possible to transmit one kind of information 
5 medium in channel A in carrier 1 through carrier 6, and transmit 
one kind of information medium in channel A and channel B in 
carrier 7 through carrier 12, such as transmitting video 
information, for example, using carrier 1 through carrier 6 
channel A information symbols, and transmitting Hi-Vision 

10 video using carrier 7 through carrier 12 channel A and channel 
B information symbols. Also, the same kind of information 
medium may by transmitted in carrier 1 through carrier 6 channel 
A transmission and carrier 7 through carrier 12 channel A and 
channel B transmission. At this time, the compression ratio 

15 when coding, for example, will be different for the same kind 
of information . Here, the channel A compression ratio is lower 
than the channel B compression ratio. 

It is also possible to transmit information in a 
hierarchical fashion, with a certain kind of information 

20 transmitted by means of carrier 1 through carrier 6 channel 
A information symbols, and difference information transmitted 
using carrier 7 through carrier 12 channel A and channel B 
information symbols . 

A receiving apparatus that receives a signal transmitted 

25 using the above symbol arrangement is described below. 

FIG. 4 is a block diagram showing the configuration of 
a receiving apparatus of this embodiment. FIG. 4 shows one 
example of a configuration of a receiving apparatus according 
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to this embodiment . In FIG . 4 , a radio section 303 converts 
a received signal 302 received by an antenna 301 to baseband 
frequency, and outputs received quadrature baseband signal 
304 resulting from the conversion to a Fourier transform 
5 section 305 and synchronization section 334. 

Fourier transform section 305 performs Fourier 
transform processing on received quadrature baseband signal 
304, and outputs resulting parallel signal 306 to a 
transmission path distortion estimation section 307, 

10 transmission path distortion estimation section 309, signal 
processing section 321, selection section 328, and frequency 
offset estimation section 332. 

Transmission path distortion estimation section 307 
estimates channel A transmission path distortion from parallel 

15 signal 306 estimation symbols, and outputs a channel A 

transmission path distortion parallel signal 308 to signal 
processing section 321. 

Transmission path distortion estimation section 309 
estimates channel B channel distortion from parallel signal 

20 306 estimation symbols, and outputs a channel B channel 
distortion parallel signal 310 to signal processing section 
321 . 

A radio section 313 converts a received signal 312 
received by an antenna 311 to baseband frequency, and outputs 
25 received quadrature baseband signal 314 resulting from the 
conversion to a Fourier transform section 315 and 
synchronization section 334 . 

Fourier transform section 315 performs Fourier 
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transform processing on received quadrature 

baseband signal 314, and outputs resulting parallel signal 
316 to a channel distortion estimation section 317, channel 
distortion estimation section 319, signal processing section 
5 321, selection section 328, and frequency offset estimation 
section 33 2. 

Channel distortion estimation section 317 estimates 
channel A channel distortion from parallel signal 316 
estimation symbols , and outputs a channel A channel distortion 

10 parallel signal 318 to signal processing section 321. 

Channel distortion estimation section 319 estimates 
channel B channel distortion from parallel signal 316 
estimation symbols, and outputs a channel B channel distortion 
parallel signal 320 to signal processing section 321. 

15 Signal processing section 321 separates parallel 

signals 306 and 316 into channel A and channel B signals based 
on channel A channel distortion parallel signals 308 and 318, 
and channel B channel distortion parallel signals 310 and 320. 
That is to say, signal processing section 321 separates channel 

20 A and channel B signals of carrier 7 through carrier 12 in 
which channel A and channel B are multiplexed in FIG. 2, outputs 
carrier 7 through carrier 12 channel A parallel signal 322 
to a demodulation section 324, and outputs carrier 7 through 
carrier 12 channel B parallel signal 323 to a demodulation 

25 section 326. 

Demodulation section 324 demodulates carrier 7 through 
carrier 12 channel A parallel signal 322, and outputs a 
demodulated received digital signal 325. 
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Demodulation section 326 demodulates carrier 7 

through carrier 12 channel B parallel signal 323, and outputs 
a demodulated received digital signal 327. 

Selection section 328 has parallel signals 306 and 316 
5 as input, selects the parallel signal with the greater field 
strength, for example, and outputs the selected parallel 
signal to a demodulation section 330 as parallel signal 329. 

Demodulation section 330 estimates channel distortion 
for selected parallel signal 32 9 from non -multiplexed carrier 
10 1 through carrier 6 estimation symbols 103 in FIG. 2, 

demodulates the carrier 1 through carrier 6 parallel signal 
from the estimated channel distortion, and outputs a 
demodulated received digital signal 331. 

Frequency offset estimation section 332 estimates the 
15 frequency offset amount from parallel signal 306 and 316 FIG. 2 
estimation symbols, and outputs a frequency offset estimation 
signal 333 to radio section 313 . For example, frequency offset 
estimation section 332 inputs a frequency offset estimation 
signal to radio sections 303 and 313, and radio sections 303 
20 and 313 eliminate the received signal frequency offset. 
Synchronization section 334 acquires time 
synchronization by means of received quadrature baseband 
signal 304 and 314 FIG. 2 estimation symbols, and outputs a 
timing signal 335 to Fourier transform section 305 and Fourier 
25 transform section 315 . Thatistosay, the receiving apparatus 
is able to establish time synchronization with the 
transmitting apparatus by having synchronization section 334 
detect FIG. 2 estimation symbols 103 in received quadrature 
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baseband signal 304 and received quadrature 

baseband signal 314. 

Also, frequency offset estimation section 332 estimates 
frequency offset from FIG. 2 estimation symbols 103 in parallel 
5 signals 306 and 316. 

Signal processing section 321 separates channel A and 
channel B multiplexed signals for carrier 7 through carrier 
12 in FIG. 2, and outputs the resulting signals as channel A 
parallel signal 322 and channel B parallel signal 323 

10 respectively. 

Demodulation section 324 demodulates carrier 7 through 
carrier 12 channel A parallel signal 322, and demodulation 
section 326 demodulates carrier 7 through carrier 12 channel 
B parallel signal 323. 

15 Demodulation section 330 estimates channel distortion 

for selected parallel signal 329 from FIG. 2 non-multiplexed 
carrier 1 through carrier 6 estimation symbols 103, and 
demodulates the carrier 1 through carrier 6 parallel signal 
from the estimated channel distortion. 

20 At this time, received digital signals 325 and 327 

obtained from carrier 7 through carrier 12 channel A and channel 
B are of poor quality in comparison with carrier 1 through 
carrier 6 channel A received digital signal 331, but can be 
transmitted at high speed. Therefore, carrier 1 through 

25 carrier 6 channel A received digital signal 331 is suitable 
for transmission of important information and transmission 
of control information. 

Received digital signals 325 and 327 obtained from 
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carrier 7 through carrier 12 channel A and channel B are 
input to a decoder X (not shown), and decoded. Then carrier 
1 through carrier 6 channel A received digital signal 331 is 
input to a decoder Y (not shown) , and decoded. By this means, 
5 different information X and Y can be obtained from different 
decoders X and Y, and although the information is the same 
in decoders X and Y, it is possible to transmit information 
with different compression ratios. 

It is possible to perform hierarchical transmission in 

10 whichvideois transmitted by means of carrier 1 through carrier 
6 channel A received digital signal 331 and difference 
information for Hi-Vision video is transmitted by received 
digital signals 325 and 327 obtained from carrier 7 through 
carrier 12 channel A and channel B. 

15 Thus, according to a transmitting apparatus and 

receiving apparatus of this embodiment, by creating frames 
whereby a plurality of modulated signals are transmitted from 
a plurality of antennas and frames whereby a modulated signal 
is transmitted from one antenna, and transmitting important 

2 0 information in a modulated signal transmitted from one antenna, 
it is possible to secure data quality in a receiving apparatus . 

Also, according to a transmitting apparatus and 
receiving apparatus of this embodiment, by transmitting 
different information in frames whereby a plurality of 

2 5 modulated signals are transmitted from a plurality of antennas 
and frames whereby a modulated signal is transmitted from one 
antenna, it is possible to transmit information of different 
quality and transmission speed. 
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In FIG. 2, FIG. 3, and FIG. 4, the use of multiplex 

frames and non-multiplexed frames with two channels and two 
antennas has been illustrated as an example, but the present 
invention is not limited to this. For example, it is possible 
5 to implement the present invention similarly with multiplex 
frames using three channels and three antennas, multiplex 
frames using two channels and two of three antennas, and frames 
that cause the existence of non-multiplexed frames. 

Also, the frame configurations are not limited to those 

10 in FIG. 2. Furthermore, an example has been described in which 
OFDM is used as the communication method, but it is possible 
to implement the present invention similarly as long as a 
multicarrier method is used. Moreover, a spread spectrum 
communication method ma ybe usedas the method for each carrier 

15 in a multicarrier system. Thus, it is possible to implement 
the present invention similarly with OFDM-CDM (Orthogonal 
Frequency Division Multiplexing - Code Division 
Multiplexing) . 

Furthermore, there are also cases where one antenna is 

20 composed of a plurality of antennas. 

( Embodiment 2 ) 

In Embodiment 2 of the present invention, a description 
is given of a communication method, transmitting apparatus, 
25 and receiving apparatus whereby, when a multicarrier 

communication system is used in which a base station performs 
communication with a plurality of terminals, non-multiplexed 
carriers and multiplexed carriers are provided in base station 
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transmit frames, and a modulated signal is 

transmitted to a terminal using one or other of these types 
of carrier. 

In this embodiment, signals are transmitted by the base 
5 station apparatus shown in FIG. 3 using the frame 

configurations shown in FIG. 2. FIG. 5 is a drawing showing 
an example of the arrangement of a base station and terminals 
according to Embodiment 2 of the present invention . In FIG . 5 , 
reference numeral 401 indicates a base station, reference 

10 numeral 402 indicates terminal A, reference numeral 403 
indicates terminal B, reference numeral 404 indicates terminal 
C, reference numeral 405 indicates terminal D, and reference 
numeral 406 indicates the communication limit of base station 
401 transmit signals. 

15 When the locations of the base station and terminals 

are as shown in FIG. 5, the reception status of terminal A 402 
and terminal B 403 located far from base station 401 is poor, 
while the reception status of terminal C 404 and terminal D 
405 is good as they are near base station 401. 

20 Considering this, it is assumed that a base station 

equipped with a transmitting apparatus of this embodiment 
performs assignment to communication terminals in 3-carrier 
units as shown in FIG. 2, for example. 

In this case, in FIG. 15, carrier 7 through carrier 9 

25 in FIG. 2 are assigned for communication with terminal C 404 
and carrier 10 through carrier 12 in FIG. 2 are assigned for 
communication with terminal C 405, for both of which terminals 
the reception status is good, and communication is performed 
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on channel A and channel B, so that the transmission speed 
is high. Also, carrier 1 through carrier 3 in FIG. 2 are 
assigned for communication with terminal A 402 and carrier 
4 through carrier 6 in FIG. 2 are assigned for communication 
5 with terminal B 403, for both of which terminals the reception 
status is poor, and communication is performed on channel A, 
so that the transmission speed is low but received data quality 
is good. 

At this time, by transmitting information concerning 
10 channel assignment by means of control symbols 104 in FIG. 2, 
and having a terminal demodulate control symbols 104, it is 
possible to ascertain where in a frame information for that 
terminal is assigned. 

Next, the receiving apparatus side will be described. 
15 FIG.6is ablockdiagramshowingan example of the configuration 
of a receiving apparatus of this embodiment. Parts in FIG. 6 
identical to those in FIG. 4 are assigned the same reference 
numerals as in FIG. 4, and detailed descriptions thereof are 
omitted . 

20 A radio wave propagation environment estimation section 

501 estimates the field strength, multipath environment, 
Doppler frequency, direct ion of arrival , channel fluctuation, 
interference intensity, polarized wave state, and delay 
profile of received signals received by antenna 301 and antenna 

25 311 from parallel signals 306 and 316, and outputs this 
information as radio wave propagation environment information 

502 . 

FIG. 7 is a block diagram showing an example of the 
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configuration of a transmitting apparatus of 

this embodiment. An information generation section 604 
generates a transmit digital signal 605 from data 601 and radio 
wave propagation environment information 602 in accordance 
5 with request information 603 that a user or communication 
terminal considers necessary, such as transmission speed, 
modulation method, and received data quality, for example, 
and outputs transmit digital signal 605 to a modulated signal 
generation section 606. 

10 Modulated signal generation section 606 modulates 

transmit digital signal 605, and outputs a transmit quadrature 
baseband signal 607 to a radio section 608. 

Radio section 608 converts transmit quadrature baseband 
signal 607 to radio frequency and generates a modulated signal 

15 609, which is output as a radio wave from an antenna 610. 

The operation of the transmitting apparatus in FIG. 7 
will now be described. Radio wave propagation environment 
information 502 estimated by radio wave propagation 
environment estimation section 501 of the receiving apparatus 

20 in FIG. 6 corresponds to radio wave propagation environment 
information 602, and is input to information generation 
section 604 . 

Information generation section 604 generates transmit 
digital signal 605 from data 601, radio wave propagation 
25 environment information 602, and request information 603 that 
a user or communication terminal considers necessary, such 
as transmission speed, modulation method, and received data 
quality, for example. By this means, a terminal transmits 
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a signal containing the radio wave propagation 
environment when the terminal receives a modulated signal 
transmitted from the base station, and request information 
requested by the user or terminal. 
5 Also, as a separate operation from this, information 

generation section 604 determines and requests a communication 
method from request information 603 comprising information 
the user or terminal considers necessary, such as transmission 
speed, modulation method, and received data quality, for 

10 example, and outputs transmit digital signal 605. At this 
time, information on the requested communication method is 
included in transmit digital signal 605. Here, 
"communication method" is information as to whether 
communication is performed by means of a multiplex signal or 

15 whether communication is performed by means of a 
non-multiplexed signal . 

FIG. 8 is a block diagram showing an example of the 
configuration of a receiving apparatus of this embodiment. 
In FIG. 8, a radio section 703 converts a received signal 702 

20 received by an antenna 701 to baseband frequency, and outputs 
a received quadrature baseband signal 704 to a demodulation 
section 7 05. 

Demodulation section 705 demodulates received 
quadrature baseband signal 704 and outputs a received digital 

25 signal 706 to a method determination section 707. 

Method determination section 707 extracts radio wave 
propagation environment information and request information 
contained in received digital signal 706, selects the method 
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whereby the base station transmits to a terminal - 

that is, either a method whereby signals of a plurality of 
channels are transmitted from a plurality of antennas, or a 
method whereby signals of a plurality of channels are not 
5 multiplexed and a signal of one channel is transmitted — and 
outputs this as a control signal 708. 

Next, the operation of the receiving apparatus in FIG. 8 
will be described. Method determination section 707 in FIG. 8 
extracts radio wave propagation environment information and 

10 request information contained in a signal transmitted by the 
terminal A transmitting apparatus (FIG. 6), or extracts 
requested communication method information, selects either 
a method whereby signals of a plurality of channels are 
transmitted from a plurality of antennas or a method whereby 

15 signals of a plurality of channels are not multiplexed and 
a signal of one channel is transmitted, and outputs this as 
control signal 708. 

Frame configuration signal generation section 221 in 
the base station transmitting apparatus in FIG. 3 has control 

20 signal 708 from a terminal A, terminal B, terminal C, or 
terminal D receiving apparatus as input control signal 223, 
and outputs frame configuration signal 222. By this means, 
modulated signals conforming to the frame configurations in 
FIG. 2 can be transmitted by the base station transmitting 

25 apparatus. 

A description will now be given of the means of setting 
the communication method at the start of communication when 
communication is performed by an above -described transmitting 
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apparatus and receiving apparatus. 

Considering reception quality with respect to the radio 
wave propagation environment, the quality of carrier 1 through 
carrier 6 channel A information symbols is good in comparison 
5 with carrier 7 through carrier 12 channel A information symbols 
and channel B information symbols. 

Therefore, when a terminal and base station start 
communicating, the base station maintains data quality by 
transmitting information to the terminal in carrier 1 through 
10 carrier 6 channel A information symbols, thereby providing 
system stability. 

Alternatively, when a terminal and base station start 
communicating, the base station first transmits estimation 
symbols 103 as shown in FIG. 2 to the terminal, the terminal 
15 receives the initially transmitted estimation symbols 103, 
estimates the radio wave propagation environment, and 
transmits radio wave propagation environment estimation 
information and request information. 

Then, based on the radio wave propagation environment 
20 information and request information from the terminal, the 
base station selects either transmission of information by 
means of carrier 1 through carrier 6 channel A information 
symbols or transmission of information by means of carrier 
7 through carrier 12 channel A information symbols and channel 
25 B information symbols, and starts communication. By this 
means, data quality can be maintained and therefore system 
stability is achieved. 

Alternatively, when a terminal and base station start 
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communicating, the base station first transmits 

estimation symbols 103 as shown in FIG. 2 to the terminal, the 
terminal receives the initially transmitted estimation 
symbols 103 , estimates the radio wave propagation environment , 
5 takes radio wave propagation environment estimation 

information and request information into consideration, 
selects either transmission of information by means of carrier 
1 through carrier 6 channel A information symbols or 
transmission of information by means of carrier 7 through 

10 carrier 12 channel A information symbols and channel B 

information symbols, and makes a request to the base station. 

Based on the request from the terminal, the base station 
selects either transmission of information by means of carrier 
1 through carrier 6 channel A information symbols or 

15 transmission of information by means of carrier 7 through 
carrier 12 channel A information symbols and channel B 
information symbols, and starts communication. By this means, 
data quality can be maintained and therefore system stability 
is achieved. 

20 Thus, according to a transmitting apparatus and 

receiving apparatus of this embodiment, when a base station 
performs communication with a plurality of terminals, by 
assigning non-multiplexed carriers in base station transmit 
frames in communication with a terminal whose reception status 

25 is poor, and assigning multiplexed carriers in communication 
with a terminal whose reception quality is good, it is possible 
for a terminal to achieve compatibility between data 
transmission speed and received data quality. 
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In the above description, the use of multiplex frames 
and non-multiplexed frames with two channels and two antennas 
has been illustrated in FIG. 2, FIG. 3, and FIG. 4 as an example, 
but the present invention is not limited tothis. For example, 
5 it is possible to implement the present invention similarly 
with mult iplex frames using three channels and three antennas, 
multiplex frames using two channels and two of three antennas, 
and frames that cause the existence of non-multiplexed frames. 

Also, the frame configurations are not limited to those 
10 in FIG. 2. Furthermore, an example has been described in which 
OFDM is used as the communication method, but it is possible 
to implement the present invention similarly as long as a 
multicarrier method is used. Moreover, a spread spectrum 
communication method ma y be usedas the method for each carrier 
15 in a multicarrier system. Thus, it is possible to implement 
the present invention similarly with OFDM-CDM. 

Furthermore, there are also cases where one antenna is 
composed of a plurality of antennas. 

20 (Embodiment 3) 

In Embodiment 3 of the present invention, a description 
is given of a transmitting apparatus that transmits a frequency 
of a multiplexed modulated signal and a frequency of a 
non-multiplexed modulated signal in a transmitting apparatus 
25 transmit frame, and a receiving apparatus that can demodulate 
a modulated signal of either frequency. 

FIG. 9 is a drawing showing communication signal frame 
configurations according to Embodiment 3 of the present 
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invention. FIG. 9 shows an example of frame 

configurations on the frequency- time axes of base station 
transmit signal channel A and channel B in frequency band f 1 
according to this embodiment. In FIG. 9, the vertical axis 
5 indicates frequency and the horizontal axis indicates time. 
Reference numeral 102 indicates an information symbol, 
reference numeral 103 indicates an estimation symbol, and 
reference numeral 104 indicates a control symbol. Estimation 
symbols 103 are pilot symbols for estimating time 

10 synchronization, frequency synchronization, and distortion 
due to the channel fluctuation, and control symbols 104 are 
symbols that transmit information used by a terminal for 
control, and are symbols for transmitting information by means 
of information symbols 102. 

15 Channel A and channel B signals are transmitted from 

two antennas respectively. A transmitting apparatus of this 
embodiment transmits, separately from channel A and channel 
B signals, a channel C signal by means of an antenna separate 
from the channel Aand channel Bantennas. The channel C signal 

20 frame configuration is described below. 

FIG. 10 is a drawing showing a communication signal frame 
configuration according to Embodiment 3 of the present 
invention. FIG. 10 shows an example of a frame configuration 
on the frequency-time axes of base station transmit signal 

25 channel C in frequency band f2 according to this embodiment. 
In FIG. 10, the vertical axis indicates frequency and the 
horizontal axis indicates time. Reference numeral 102 
indicates an information symbol, reference numeral 103 
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indicates an estimation symbol, and reference 

numeral 104 indicates a control symbol. Estimation symbols 
103 are pilot symbols for estimating time synchronization, 
frequency synchronization, and distortion due to the channel 
5 fluctuation, and control symbols 104 are symbols that transmit 
information used by a terminal for control, and are symbols 
for transmitting information by means of information symbols 
102 . 

A channel C signal is transmitted from an antenna 

10 separate from the antennas for channel A and channel B. 

Also, a channel C signal is transmitted at a different 
frequency from channel A and channel B. FIG. 11 is a drawing 
showing the base station transmit signal frequency arrangement 
according to this embodiment. In FIG. 11, the vertical axis 

15 indicates power and the horizontal axis indicates frequency. 
Reference numeral 1001 indicates a channel A and channel B 
multiplex transmit signal, with the frequency band designated 
fl. Reference numeral 1002 indicates a channel C multiplex 
transmit signal, with the frequency banddesignated f2. Thus, 

20 a channel C signal is transmitted at a different frequency 
from channel A and channel B. 

In FIG. 11, carriers are arranged in frequency FIG.l and 
frequency f2, and frequency fl is assigned for base station 
transmission, the frame configurations at this time being as 

25 shown in FIG. 9. 

Frequency f2 is assigned for base station transmission, 
the frame configuration at this time being as shown in FIG. 10. 
At frequency fl, for example, channel A and channel B are 
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transmitted and are multiplexed, and the 

transmission speed is high but received data quality is poor. 
At frequency f2, on the other hand, channel C is transmitted, 
and as there is no multiplexing, the transmission speed is 
5 low but received data quality is good. 

A description will now be given of a transmitting 
apparatus that transmits above-described channel A, channel 
B, and channel C signals. 

FIG. 12 is a block diagram showing an example of the 
10 configuration of a transmitting apparatus of a base station 
according to this embodiment. Parts in FIG. 12 identical to 
those in FIG. 3 are assigned the same reference numerals as 
in FIG. 3, and detailed descriptions thereof are omitted. 

In FIG. 12, a serial/parallel conversion section 1102 
15 a channel C transmit digital signal 1101 parallel signal 1103 
in accordance with frame configuration signal 222. 

An inverse discrete Fourier transform section 1104 
performs inverse Fourier transform processing of channel C 
parallel signal 1103, and outputs a 
20 post-inverse-Fourier-transform signal 1105 resulting from to 
a radio section 1106. 

Radio section 1106 converts channel C 
post-inverse-Fourier-transform signal 1105 to radio 
frequency, and outputs a channel C transmit signal 1107 to 
25 a power amplification section 1108. 

Power amplification section 1108 amplifies channel C 
transmit signal 1107, and an amplified C transmit signal 1109 
is output as a radio wave from a channel C antenna 1110. 
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The operation of the transmitting apparatus in FIG. 12 
will now be described. 

Channel A serial/parallel conversion section 202 
5 generates channel A parallel signal 203 in which information 
symbols, control symbols, and estimation symbols are present, 
in accordance with the channel A frame configuration in FIG. 9, 
based on channel A transmit digital signal 201 and frame 
configuration signal 222. 
10 Channel B serial/parallel conversion section 212 

generates channel B parallel signal 213 in which information 
symbols, control symbols , and estimation symbols are present, 
in accordance with the channel B frame configuration in FIG. 9, 
based on channel B transmit digital signal 211 and frame 
15 configuration signal 222. 

Channel A and channel B signals are then transmitted 
at frequency f 1 . 

Estimation symbols 103 in FIG. 9 are inserted for time 
synchronization and frequency offset estimation. They are 
20 also signals for performing channel estimation for separating 
channel A and channel B signals. 

Channel C serial /parallel conversion section 1102 
generates channel C parallel signal 1103 in which information 
symbols, con t ro 1 s ymbo 1 s , and est imat ion symbols are present , 
25 in accordance with the channel C frame configuration in FIG. 10, 
based on channel B transmit digital signal 1101 and frame 
configuration signal 222. 

A channel C signal is then transmitted at frequency f 2 . 
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Estimation symbols 103 in FIG. 10 are inserted for 
time synchronization and frequency offset estimation. 

When channel A information symbols and channel A and 
channel B information symbols are compared with channel C 
5 information symbols, in the receiving apparatus they are of 
better quality than channel C information symbols. 
Considering this fact, it is appropriate for information of 
high importance to be transmitted in channel C information 
symbols . 

10 It is possible to transmit one kindof information medium 

in channel C, and transmit one kind of information medium in 
channel A and channel B, such as transmitting video information, 
for example, using channel C information symbols, and 
transmitting Hi-Vision video using channel A and channel B 

15 information symbols. Also, the same kind of information 
medium may by transmitted in channel C transmission and channel 
A and channel B transmission. At this time, the compression 
ratio when coding, for example, will be different for the same 
kind of information. 

20 It is also possible to transmit information in a 

hierarchical fashion, with a certain kind of information 
transmitted by means of channel C information symbols, and 
difference information transmitted using channel Aand channel 
B information symbols. 

25 FIG. 13 is a block diagram showing the configuration of 

a receiving apparatus of a terminal according to this 
embodiment. In FIG. 13, a radio section 1203 converts a 
frequency band fl received signal 1202 received by an antenna 
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1201 to baseband frequency, and outputs a received 
quadrature baseband signal 12 04 to a Fourier transform section 
1205 and synchronization section 1230. 

Fourier transform section 1205 performs Fourier 
5 transform processing on received quadrature baseband signal 
1204, and outputs resulting parallel signal 1206 to a channel 
distortion estimation section 1207, channel distortion 
estimation section 1209, signal processing section 1221, and 
frequency offset estimation section 1228. 
10 Channel distortion estimation section 1207 estimates 

channel A channel distortion from parallel signal 1206 
estimation symbols, and outputs a channel A channel distortion 
parallel signal 1208 to signal processing section 1221. 

Channel distortion estimation section 1209 estimates 
15 channel B channel distortion from parallel signal 1206 

estimation symbols, and outputs a channel B channel distortion 
parallel signal 1210 to signal processing section 1221. 

A radio section 1213 converts a received signal 1212 
received by an antenna 1211 to baseband frequency, and outputs 
20 a received quadrature baseband signal 1214 to a Fourier 
transform section 1215 and synchronization section 1230. 

Fourier transform section 1215 performs Fourier 
transform processing on received quadrature baseband signal 
1214, and outputs resulting parallel signal 1216 to a channel 
25 distortion estimation section 1217, channel distortion 

estimation section 1219, signal processing section 1221, and 
frequency offset estimation section 1228. 

Channel distortion estimation section 1217 estimates 
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channel A channel distortion from parallel signal 1216 
estimation symbols , and outputs a channel A channel distortion 
parallel signal 1218 to signal processing section 1221. 

Channel distortion estimation section 1219 estimates 
5 channel B channel distortion from parallel signal 1216 

estimation symbols, and outputs a channel B channel distortion 
parallel signal 1220 to signal processing section 1221. 

Signal processing section 1221 separates parallel 
signals 1206 and 1216 into channel A and channel B signals 
10 based on channel A channel distortion parallel signals 1208 
and 1218, and channel B channel distortion parallel signals 
1210 and 1220. Of the separated signals, signal processing 
section 1221 then outputs channel A parallel signal 1222 to 
a demodulation section 1224, and outputs channel B parallel 
15 signal 1223 to a demodulation section 1226. 

Demodulation section 1224 demodulates channel A 
parallel signal 1222, and outputs a received digital signal 
1225 . 

Demodulation section 1226 demodulates channel B 
20 parallel signal 1223, and outputs a received digital signal 
1227 . 

Frequency offset estimation section 1228 estimates the 
frequency offset amount from parallel signal 1206 and 1216 
(FIG. 9), and outputs a frequencyoffset estimation signal 1229. 
25 Specifically, frequency offset estimation section 1228 

estimates the frequency offset amount from estimation symbols 
103 in FIG. 9. Then frequency offset estimation section 1228 
outputs a frequency offset estimation signal to radio sections 
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1203 and 1213, for example, and radio sections 1203 and 1213 
eliminate the received signal frequency offset. 

Synchronization section 1230 acquires time 
synchronization using received quadrature baseband signals 
5 1204 and 1214, and outputs a timing signal 1231 to Fourier 
transform section 1205 and Fourier transform section 1215. 
Synchronization section 1230 acquires time synchronization 
by means of estimation symbols 103 in FIG. 9, for example. 
A radio section 1234 converts a frequency band f2 
10 received signal 1233 received by an antenna 1232 to baseband 
frequency, and outputs a received quadrature baseband signal 
1235 to a Fourier transform section 1236 and synchronization 
section 1244. 

Fourier transform section 1236 performs Fourier 
15 transform processing on received quadrature baseband signal 
1235, and outputs resulting parallel signal 1237 to a channel 
distortion estimation section 1238 , demodulation section 124 0, 
and frequency offset estimation section 1242. 

Channel distortion estimation section 1238 estimates 
20 channel distortion from parallel signal 1237, and outputs a 
channel distortion parallel signal 1239 to demodulation 
section 1240. 

Based on channel distortion parallel signal 1239, 
demodulation section 1240 eliminates channel distortion from 
25 channel C parallel signal 1237, demodulates the signal, and 
outputs a channel C received digital signal 1241. 

Next, the operation of the receiving apparatus in FIG . 13 
will be described. 
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Synchronization section 1230 detects FIG. 9 

estimation symbols 103 in received quadrature baseband signal 
1204 and received signal 1214, and the receiving apparatus 
establishes time synchronization with the transmitting 
5 apparatus. 

Frequency offset estimation section 1228 estimates 
frequency offset from FIG. 9 estimation symbols 103 in parallel 
signals 1206 and 1216. 

Signal processing section 1221 separates FIG. 9 
10 multiplexed signals into a channel A signal and channel B 
signal . 

Synchronization section 1244 acquires time 
synchronization from received quadrature baseband signal 1235 
(FIG. 10) estimation symbols. 
15 Channel distortion estimation section 1238 estimates 

channel distortion from parallel signal 1237 (FIG. 10) 
estimation symbols . 

Channel C demodulation section 1240 has channel 
distortion parallel signal 1239 as input, and demodulates 
20 FIG. 10 parallel signal 1237 information symbols. 

At this time, received digital signals 1225 and 1227 
obtained from channel A and channel B are of poor quality in 
comparison with channel C received digital signal 1241, but 
can be transmitted at high speed. Considering this fact, 
25 channel C received digital signal 1241 is suitable for 

transmission of important information and transmission of 
control information . 

Received digital signals 1225 and 1227 obtained from 
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channel A and channel B are input to a decoder X (not 
shown) , and decoded. Then channel C received digital signal 
1241 is input to a decoder Y (not shown), and decoded. By 
this means, different information X and Y can be obtained from 
5 different decoders X and Y, and although the information is 
the same in decoders X and Y, it is possible to transmit 
information with different compression ratios. 

It is possible to perform hierarchical transmission in 
which video is transmitted by means of channel C received 

10 digital signal 1241 and difference information for Hi-Vision 
video is transmitted by received digital signals 1225 and 1227 
obtained from channel A and channel B. 

Thus, according to a transmitting apparatus and 
receiving apparatus of this embodiment, there is a frequency 

15 for transmitting a plurality of modulated signals from a 
plurality of antennas and a frequency for transmitting a 
modulated signal from one antenna, and by transmitting 
important information in a modulated signal transmitted from 
one antenna, it is possible to secure data quality in a 

20 receiving apparatus. 

Also, according to a transmitting apparatus and 
receiving apparatus of this embodiment, by transmitting 
different information at a frequency for transmitting a 
plurality of modulated signals from a plurality of antennas 

25 and a frequency for transmitting a modulated signal from one 
antenna, it is possible to transmit information of different 
quality and transmission speed. 

In FIG. 9, the use of multiplex frames on two channels 
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is illustrated, but the present invention is not 

limited to this. Also, in FIG. 11, an example with two 
frequency bands is illustrated, but the present invention is 
not limited to this. For example, it is possible for there 
5 to be three frequency bands, and for frequencies to be assigned 
for 3-channel multiplex transmission, 2-channel multiplex 
transmission, and single-channel transmission. 

A description has been given above that refers to a 
configuration with two antennas transmitting two channels and 
10 one antenna transmitting one channel in the transmitting 
apparatus in FIG. 12, but the present invention is not limited 
to this. For example, the transmitting apparatus may be 
equipped with two or more antennas for transmitting two 
channels . 

15 Also, in the case where there are three frequency bands, 

and frequencies are assigned for 3-channel multiplex 
transmission, 2-channel multiplex transmission, and 
single-channel transmission, the transmitting apparatus may 
be equipped with a plurality of antennas for 3-channel 

20 multiplex transmission, or may be equipped with a plurality 
of antennas for 2-channel multiplex transmission, or may be 
equipped with a plurality of antennas for single-channel 
transmission. The same applies to the receiving apparatus 
in FIG. 13. 

25 Furthermore, an example has been described in which OFDM 

is used as the communication method, but it is possible to 
implement the present invention similarly as long as a 
multicarrier method is used. Moreover, a spread spectrum 
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communication method may be used as the method for each 
carrier in a multicarrier system. Thus, it is possible to 
implement the present invention similarly with OFDM-CDM 
(Orthogonal Frequency Division Multiplexing - Code Division 
5 Multiplexing) . 

Furthermore, there are also cases where one antenna is 
composed of a plurality of antennas. 

(Embodiment 4) 

10 In Embodiment 4 of the present invention, a description 

is given of a communication method, transmitting apparatus, 
and receiving apparatus whereby, when a base station performs 
communication with a plurality of terminals, a frequency of 
a multiplexed modulated signal and a frequency of a 

15 non-multiplexed modulated signal are provided in transmit 
frames, and a modulated signal is transmitted to a terminal 
using one or other of these frequencies. 

FIG. 14 isdrawingshowingan example of the configuration 
of a receiving apparatus of a terminal according to Embodiment 

20 4 of thepresent invention. Parts in FIG. 14 identical to those 
inFIG.13areassignedthe same reference numerals asinFIG.13, 
and detailed descriptions thereof are omitted . The receiving 
apparatus in FIG. 14 differs from the receiving apparatus in 
FIG. 13 in that a radio wave propagation environment estimation 

25 section 1301 and radio wave propagation environment estimation 
section 1303 are provided, a frequency in the base station 
is used as assignment information, and the propagation 
environment is estimated by the receiving apparatus. 
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Radio wave propagation environment estimation 
section 1301 estimates the radio wave propagation environments 
of received signals received by antenna 1201 and antenna 1211, 
respectively, from parallel signals 1206 and 1216, and outputs 
5 radio wave propagation environment estimation information 

1302 . 

Radio wave propagation environment estimation section 

1303 estimates the radio wave propagation environment of a 
received signals received by antenna 12 32 from parallel signal 

10 1237, and outputs radio wave propagation environment 
estimation information 1304. 

FIG. 15 is a drawing showing an example of the 
configuration of a transmitting apparatus of a base station 
according to this embodiment. Parts in FIG. 15 identical to 

15 those in FIG. 6 are assigned the same reference numerals as 
in FIG. 6, and detailed descriptions thereof are omitted . The 
transmitting apparatus in FIG. 15 differs from the transmitting 
apparatus in FIG. 6 in that an information generation section 
604 is provided, and based on a propagation environment 

20 estimated by the receiving apparatus, a frequency not 

multiplexed by the base station is assigned to communication 
with a terminal whose reception status is poor, and a frequency 
multiplexed by the base station is assigned to communication 
with a terminal whose reception status is good. 

25 Information generation section 604 generates transmit 

digital signal 605 from transmit digital signal 601, radio 
wave propagation environment information 1401 and 1402, and 
request information 603, and outputs this transmit digital 
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signal 605 to modulated signal generation section 606. 

The base station apparatus transmits information 
concerning channel assignment by means of control symbols 104 
in FIG. 9 and FIG. 10, and a terminal can ascertain where in 
5 a frame information for that terminal is assigned by 
demodulating control symbols 104. 

The operation of the receiving apparatus and 
transmitting apparatus of a terminal will now be described 
in detail. 

10 In FIG. 14, radio wave propagation environment 

estimation section 1301 has parallel signals 1206 and 1216 
as input, and estimates the field strength, multipath 
environment, Doppler frequency, direction of arrival , channel 
fluctuation, interference intensity, polarized wave state, 

15 and delay profile of a signal received by antenna 1201 and 
a signal received by antenna 1211 from estimation symbols 103 
in FIG. 9, for example. 

Radio wave propagation environment estimation section 
1303 estimates the field strength, multipath environment, 

2 0 Doppler frequency, direction of arrival, channel fluctuation, 
interference intensity, polarized wave state, and delay 
profile of a signal received by antenna 1232 parallel signal 
1237 FIG. 10 estimation symbols. 

Using radio wave propagation environment estimation 

25 information 1302 and radio wave propagation environment 
estimation information 1304 estimated by the receiving 
apparatus, the transmitting apparatus in FIG. 15 determines 
assignment of a non-multiplexed frequency or assignment of 
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a base station multiplexed frequency. Radio wave 

propagation environment estimation information 1302 
estimated by radio wave propagation environment estimation 
section 1301 of the receiving apparatus in FIG. 14 corresponds 
5 to radio wave propagation environment information 1401, and 
radio wave propagation environment estimation information 
1304 estimated by radio wave propagation environment 
estimation section 1303 corresponds to radio wave propagation 
environment information 1402, and radio wave propagation 

10 environment information 1401 and radio wave propagation 
environment information 1402 are input to information 
generation section 604. 

Information generation section 604 generates transmit 
digital signal 605 from data 601, radio wave propagation 

15 environment information 1401andl402, and request information 
603 that a user or communication terminal considers necessary, 
such as transmission speed, modulation method, and received 
dataquality, forexample. Bythismeans, a terminal transmit s 
a signal containing the radio wave propagation environment 

20 when the terminal receives amodulated signal transmitted from 
the base station, and request information requested by the 
user or terminal. 

Also, information generation section 604 has data 601, 
radio wave propagation environment information 602, and 

25 request information 603 that a user or communication terminal 
considers necessary, such as transmission speed, modulation 
method, and received data quality, as input, and determines 
and requests a communication method from radio wave 
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propagation environment information 1401 and 1402 

and request information 603. At this time, information on 
the requested communication method is included in transmit 
digital signal 605. Here, "communication method" is 
5 information as to whether communication is performed by means 
of a multiplex signal and frequencyfl or whether communication 
is performed by means of a no n- multiplexed signal and frequency 
f 2 . 

Using this communication method information, the base 

10 station apparatus decides whether to perform communication 
with a multiplex signal and frequency f 1 or whether to transmit 
a signal using a non-multiplexed signal and frequency f 2 . 

For example, in the base station in FIG. 8, method 
determination section 707 extracts radio wave propagation 

15 environment information and request information contained in 
a signal transmitted by the terminal A transmitting apparatus 
(FIG. 15), or extracts requested communication method 
information. Then, based on this communication method 
information, method determination section 707 selects the 

20 frequency f 1 method whereby signals of a plurality of channels 
are transmitted from a plurality of antennas, or the frequency 
f2 method whereby signals of a plurality of channels are not 
multiplexed and a signal of one channel is transmitted, and 
outputs this as control signal 708. 

25 Frame configuration signal generation section 221 in 

the base station transmitting apparatus in FIG. 12 performs 
frame configuration with control signal 708 in FIG. 8 from the 
receiving apparatus for a terminal (for example, terminal A, 
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terminal B, terminal C, or terminal D in FIG . 5 ) as input 

control signal 223, and outputs frame configuration signal 
222 . By this means, modulated signals conforming to the frame 
configurations in FIG. 9 and FIG. 10 can be transmitted by the 
5 base station transmitting apparatus. 

A description will now be given of the means of setting 
the communication method at the start of communication. 

Considering reception quality with respect to the radio 
wave propagation environment, the quality of channel C 

10 information symbols is good in comparison with channel A 
information symbols and channel B information symbols. 

Therefore, when a terminal and base station start 
communicating, the base station maintains data quality by 
transmitting information to the terminal in channel C 

15 information symbols, thereby providing system stability. 

Alternatively, when a terminal and base station start 
communicating, the base station first transmits estimation 
symbols 103 as shown in the frame configuration in FIG. 9 and 
FIG. 10 to the terminal. The terminal then receives the 

20 initially transmitted estimation symbols 103, estimates the 
radio wave propagation environment, and transmits radio wave 
propagation environment estimation information and request 
information. Then, based on the radio wave propagation 
environment information and request information from the 

25 terminal, the base station selects either transmission of 
information by means of channel C information symbols or 
transmission of information by means of channel A information 
symbols and channel B information symbols, and starts 
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communication. By this means, data quality can be 
maintained and therefore system stability is achieved. 

Alternatively, when a terminal and base station start 
communicating, the base station first transmits estimation 
5 symbols 103 as shown in FIG. 9 and FIG. 10 to the terminal, the 
terminal receives the initially transmitted estimation 
symbols 103 , estimates the radio wave propagation environment , 
takes radio wave propagation environment estimation 
information and request information into consideration, 

10 selects either transmission of information by means of channel 
C information symbols or transmission of information by means 
of channel A information symbols and channel B information 
symbols, and makes a request to the base station. Based on 
the request from the terminal, the base station selects either 

15 transmission of information by means of channel C information 
symbols or transmission of information by means of channel 
A information symbols and channel B information symbols, and 
starts communication. By this means, data quality can be 
maintained and therefore system stability is achieved. 

20 Thus, according to a transmitting apparatus and 

receiving apparatus of this embodiment, when a base station 
performs communication with a plurality of terminals, by 
assigning a non-multiplexed frequency in base station transmit 
frames in communication with a terminal whose reception status 

25 is poor, and assigning a multiplexed frequency in 

communication with a terminal whose reception quality is good, 
it is possible for a terminal to achieve compatibility between 
data transmission speed and received data quality. 
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In FIG. 9, the use of multiplex frames on two 

channels is illustrated, but the present invention is not 
limited to this. Also, in FIG. 11, an example with two 
frequency bands is illustrated, but the present invention is 
5 not limited to this. For example, it is possible for there 
to be three frequency bands, and for frequencies to be assigned 
for 3-channel multiplex transmission, 2-channel multiplex 
transmission, and single-channel transmission. A 
description has been given a bo vet hat refers to a configuration 

10 with two antennas transmitting two channels and one antenna 
transmitting one channel in the transmitting apparatus in 
FIG. 12, but the present invention is not limited to this, and 
two or more antennas may be provided for transmitting two 
channels. Also, in the case where there are three frequency 

15 bands, and frequencies are assigned for 3-channel multiplex 
transmission, 2-channel multiplex transmission, and 
single-channel transmission, it is also possible to provide 
a plurality of antennas for 3-channel multiplex transmission, 
to provide a plurality of antennas for 2-channel multiplex 

20 transmission, and to provide a plurality of antennas for 
single-channel transmission. The same applies to the 
receiving apparatus in FIG. 14. Furthermore, an example has 
beendescribed inwhichOFDM is usedas the communication method, 
but it is possible to implement the present invention similarly 

25 with either a multicarrier method or a single-carrier method. 
Moreover, a spread spectrum communication method may be used 
as the method for each carrier in a multicarrier system. Thus, 
it is possible to implement the present invention similarly 
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with OFDM-CDM (Orthogonal Frequency Division 

Multiplexing - Code Division Multiplexing) . 

Furthermore, there are also cases where one antenna is 
composed of a plurality of antennas. 

5 

(Embodiment 5) 

In Embodiment 5 of the present invention, a description 
is given of a transmitting apparatus that transmits a 
non-multiplexed time modulated signal and a multiplexed time 

10 modulated signal in transmit frames, and a receiving apparatus 
that can demodulate a modulated signal of either time. 

FIG. 16 is a drawing showing an example of the frame 
configuration on the frequency-time axes of channel A and 
channel B according to this embodiment. In FIG. 16, the 

15 vertical axis indicates frequency and the horizontal axis 
indicates time. Reference numeral 101 indicates a guard 
symbol , reference numeral 102 indicates an information symbol , 
reference numeral 103 indicates an estimation symbol, and 
reference numeral 104 indicates a control symbol . Here, guard 

2 0 symbols 101 are symbols for which there is no modulated signal, 
estimation symbols 103 are pilot symbols for estimating time 
synchronization, frequency synchronization, and distortion 
due to the channel fluctuation, and control symbols 104 are 
symbols that transmit information used by a terminal for 

25 control, and are symbols for transmitting information by means 
of information symbols 102. 

In time 3 through time 10, channel A information symbols 
and channel B information symbols are transmitted, and in time 
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11 through time 18, only channel A information 

symbols are transmitted. 

The operation of this transmitting apparatus will now 
be described. 

5 Serial/parallel conversion section 202 takes channel 

A transmit digital signal 201 and configures a frame in which 
information symbols, control symbols, and estimation symbols 
are present, as in the channel A frame configuration in FIG. 16, 
in accordance with frame configuration signal 222. 

10 Serial/parallel conversion section 212 takes channel 

B transmit digital signal 211 and outputs channel B parallel 
signal 213 with time 1 estimation symbols 102 and time 3 through 
10 information symbols 102 according to the channel B frame 
configuration in FIG. 16, in accordance with frame 

15 configuration signal 222. 

Estimation symbols 103 are inserted for time 
synchronization and frequency offset estimation. They are 
also used for signal separation in frames in which channel 
A and channel B symbols are multiplexed. 

20 When time 11 through 18 channel A information symbols 

and time 3 through 10 channel A and channel B information 
symbols are compared, in the receiving apparatus time 11 
through 18 channel A information symbols are of better quality 
than time 3 through 10 channel A and channel B information 

25 symbols. Considering this fact, it is appropriate for 

information of high importance to be transmitted in time 11 
through 18 channel A information symbols. 

It is possible to transmit one kind of information medium 
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in time 11 through 18 channel A information symbols, and 
transmit one kind of information medium in time 3 through 10 
channel A and channel B information symbols, such as 
transmitting video information, for example, using time 11 
5 through 18 channel A information symbols, and transmitting 
Hi-Vision video using time 3 through 10 channel A and channel 
B information symbols. Also, the same kind of information 
medium may by transmitted in time 11 through 18 channel A 
information symbol transmission and time 3 through 10 channel 

10 AandchannelB information symbol transmission . At this time, 
the compression ratio when coding, for example, will be 
different for the same kind of information. 

It is also possible to transmit information in a 
hierarchical fashion, with a certain kind of information 

15 transmitted by means of time 11 through 18 channelA information 
symbols, and difference information transmitted using time 
3 through 10 channel A and channel B information symbols. 

A transmitting apparatus of this embodiment generates 
and transmits signals with the frame configurations shown in 

20 FIG. 16 using the configuration in FIG. 3. FIG. 17 is a drawing 
showing an example of the configuration of a receiving 
apparatus according to Embodiment 5 of the present invention. 
Parts in FIG. 17 identical to those in FIG. 4 are assigned the 
same reference numerals as in FIG. 4, and detailed descriptions 

25 thereof are omitted. 

Signal processing section 321 separates parallel 
signals 306 and 316 into multiplexed time channel A parallel 
signal 1601 and channel B parallel signal 1604 based on channel 
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A channel distortion parallel signals 308 and 318, and 
channel B channel distortion parallel signals 310 and 320, 
outputs parallel signal 1601 to a demodulation section 1602, 
and outputs parallel signal 1604 to a demodulation section 
5 1605. 

Demodulation section 1602 demodulates separated 
channel A parallel signal 1601, andoutputsachannelAreceived 
digital signal 1603. 

Demodulation section 1605 demodulates separated 
10 channel B parallel signal 1604, and outputs a channel B received 
digital signal 1606. 

Of parallel signals 306 and 316, selection section 328 
selects the parallel signal with the greater field strength, 
for example, of the times of a channel A signal only in FIG. 2," 
15 and outputs a selected parallel signal 1607 to a demodulation 
section 1608 . 

Demodulation section 1608 demodulates selected 
parallel signal 1607 , and outputs a channel A received digital 
signal 1609. 

20 The operation of a transmitting apparatus and receiving 

apparatus according to this embodiment will now be described 
in detail using FIG. 3, FIG. 16, and FIG. 17. 

The operation of the receiving apparatus is described 

below . 

25 The receiving apparatus is able to establish time 

synchronization with the transmitting apparatus by having 
synchronization section 334 detect FIG. 16 estimation symbols 
103 in received quadrature baseband signal 304 and received 
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signal 314 . 

Frequency offset estimation section 332 can estimate 
the frequency offset from FIG. 2 estimation symbols 103 in 
parallel signal 306 and 316. 
5 Signal processing section 321 separates time 3 through 

10 channel A and channel B information symbol multiplexed 
signals in FIG. 16 into a time 3 through 10 channel A signal 
and a time 3 through 10 channel B signal, and outputs the 
resulting signals as channel A parallel signal 1601 and channel 

10 B parallel signal 1604 respectively. 

Channel A demodulation section 1602 has channel A 
parallel signal 1601 as input, and outputs channel A received 
digital signal 1603. Channel B demodulation section 1605 has 
channel B parallel signal 1604 as input, and outputs channel 

15 B received digital signal 1606. 

Channel A demodulation section 1608 has selected 
parallel signal 1607 as input, estimates channel distortion 
from FIG. 16 estimation symbols 103, demodulates the time 11 
through 18 channel A parallel signal from the estimated channel 

20 distortion, and outputs received digital signal 1609. 

At this time, received digital signals 1603 and 1606 
obtained from channel A and channel B are of poor quality in 
comparison with channel A received digital signal 1609, but 
can be transmitted at high speed. Considering this fact, 

25 channel A received digital signal 1609 is suitable for 

transmission of important information and transmission of 
control information. Received digital signals 1603 and 1606 
obtained from channel A and channel B are input to a decoder 
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X (not shown), and decoded. Then channel A received 
digital signal 1609 is input to a decoder Y (not shown), and 
decoded. By this means, different information X and Y can 
be obtained from different decoders X and Y, and although the 
5 information is the same in decoders X and Y, it is possible 
to transmit information with different compression ratios. 

It is possible to perform hierarchical transmission in 
which video is transmitted by means of channel A received 
digital signal 1609 and difference information for Hi-Vision 

10 video is transmitted by received digital signals 1603 and 1606 
obtained from channel A and channel B. 

Thus, according to a transmitting apparatus and 
receiving apparatus of this embodiment, by having frames 
whereby a plurality of modulated signals are transmitted from 

15 a plurality of antennas and frames whereby a modulated signal 
is transmitted from one antenna, and transmitting important 
information in a modulated signal transmitted from one antenna, 
it is possible to secure data quality in a receiving apparatus. 
Also, according to a transmitting apparatus and 

20 receiving apparatus of this embodiment, by transmitting 
different information in frames whereby a plurality of 
modulated signals are transmitted from a plurality of antennas 
and frames whereby a modulated signal is transmitted from one 
antenna, it is possible to transmit information of different 

25 quality and transmission speed. 

InFIG.3, FIG. 16, andFIG.17, the use of multiplex frames 
and non-multiplexed frames with two channels and two antennas 
has been illustrated as an example, but the present invention 
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is not limited to this. For example, it is possible to 
implement the present invention similarly with multiplex 
frames using three channels and three antennas, multiplex 
frames using two channels and two of three antennas, and frames 
5 that cause the existence of non-multiplexed frames. 

Also, the frame configurations are not limited to those 
in FIG . 2 . Furthermore, an example has been described in which 
OFDM is used as the communication method, but it is possible 
to implement the present invention similarly with either a 

10 multicarrier method or a single-carrier method. Moreover, 
a spread spectrum communication method ma y be usedas the method 
for each carrier in a multicarrier system. Thus, it is 
possible to implement the present invention similarly with 
OFDM-CDM (Orthogonal Frequency Division Multiplexing - Code 

15 Division Multiplexing) . 

Furthermore, there are also cases where one antenna is 
composed of a plurality of antennas. 

(Embodiment 6) 

20 In Embodiment 6 of the present invention, a description 

is given of a communication method, transmitting apparatus, 
and receiving apparatus whereby, when a base station performs 
communication with a plurality of terminals, non-multiplexed 
frames and multiplexed frames are provided in base station 

25 transmit frames, and a modulated signal is transmitted to a 
terminal using one or other of these types of frame. 

FIG. 18 is a block diagram showing an example of the 
configuration of a receiving apparatus of a terminal according 
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to Embodiment 6 of the present invention. Parts in FIG. 18 
identical to those in FIG. 4 or FIG. 17 are assigned the same 
reference numerals as in FIG. 4 or FIG. 17, and detailed 
descriptions thereof are omitted. 
5 A radio wave propagation environment estimation section 

1701 estimates the field strength, multipath environment, 
Doppler frequency, direction of arrival, channel fluctuation, 
interference intensity, polarized wave state, and delay 
profile of received signals received by antenna 301 and antenna 

10 311 from parallel signals 306 and 316, and outputs this 
information as radio wave propagation environment information 

1702 . 

Radio wave propagation environment information 1702 
estimated by radio wave propagation environment estimation 

15 section 1701 of the receiving apparatus in FIG. 18 corresponds 
to radio wave propagation environment information 602 in FIG. 6, 
and is input to information generation section 604. 

Information generation section 604 generates transmit 
digital signal 605 from data 601, radio wave propagation 

20 environment information 602 , and request information 603 that 
a user or communication terminal considers necessary, such 
as transmission speed, modulation method, and received data 
quality, for example. By this means, a terminal transmits 
a signal containing the radio wave propagation environment 

25 when the terminal receives a modulated signal transmitted from 
the base station, and request information requested by the 
user or terminal. 

Also, information generation section 604 has data 601, 
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radio wave propagation environment information 602, 

and request information 603 that a user or communication 
terminal considers necessary, such as transmission speed, 
modulation method, and received data quality, as input, 
5 determines and requests a communication method from radio wave 
propagation environment information 602 and request 
information 603, and outputs transmit digital signal 605. At 
this time, information on the requested communication method 
is included in transmit digital signal 605. Here, 

10 "communication method' 7 is information as to whether 

communication is performed by means of a multiplex signal or 
whether communication is performed by means of a 
non-multiplexed signal. 

A description will now be given of the means of setting 

15 the communication method at the start of communication. 

In FIG. 16, considering reception quality with respect 
to the radio wave propagation environment, the quality of time 
11 through 18 channel A information symbols is good in 
comparison with time 3 through 10 channel A information symbols 

20 and channel B information symbols. 

Therefore, when a terminal and base station start 
communicating, the base station maintains data quality by 
transmitting information to the terminal in time 11 through 
18 channel A information symbols, thereby providing system 

25 stability. 

Alternatively, when a terminal and base station start 
communicating, the base station first transmits estimation 
symbols 103 as shown in FIG. 16 to the terminal, the terminal 
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receives the initially transmitted estimation 

symbols 103, estimates the radio wave propagation environment , 
and transmits radio wave propagation environment estimation 
information and request information . Then, basedonthe radio 
5 wave propagation environment information and request 

information from the terminal, the base station selects either 
transmission of information by means of time 11 through 18 
channel A information symbols or transmission of information 
by means of time 3 through 10 channel A information symbols 

10 and channel B information symbols, and starts communication. 
By this means, data quality can be maintained and therefore 
system stability is achieved. 

Alternatively, when a terminal and base station start 
communicating, the base station first transmits estimation 

15 symbols 103 as shown in FIG. 9 and FIG. 10 to the terminal, the 
terminal receives the initially transmitted estimation 
symbols 103, estimates the radio wave propagation environment , 
takes radio wave propagation environment estimation 
information and request information into consideration, 

20 selects either transmission of information by means of time 
11 through 18 channel A information symbols or transmission 
of information by means of time 3 through 10 channel A 
information symbols and channel B information symbols, and 
makes a request to the base station. 

25 Based on the request from the terminal, the base station 

selects either transmission of information by means of time 
11 through 18 channel A information symbols or transmission 
of information by means of time 3 through 10 channel A 
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information symbols and channel B information 

symbols, and starts communication. By this means, data 
quality can be maintained and therefore system stability is 
achieved . 

5 Thus, according to a transmitting apparatus and 

receiving apparatus of this embodiment, when a base station 
performs communication with a plurality of terminals, by 
assigning a non-multiplexed frame in base station transmit 
frames in communication with a terminal whose reception status 

10 is poor, and assigning a multiplexed frame in communication 
with a terminal whose reception quality is good, it is possible 
for a terminal to achieve compatibility between data 
transmission speed and received data quality. 

In FIG. 3, FIG. 16, andFIG.18, t he us e o f mu 1 1 ip le x f r ame s 

15 and non-multiplexed frames with two channels and two antennas 
has been illustrated as an example, but the present invention 
is not limited to this. For example, it is possible to 
implement the present invention similarly with multiplex 
frames using three channels and three antennas, multiplex 

20 frames using two channels and two of three antennas, and frames 
that cause the existence of non-multiplexed frames. Also, 
the frame configurations are not limited to those in FIG. 2. 
Furthermore, an example has been described in which OFDM is 
used as the communication method, but it is possible to 

25 implement the present invention similarly with a multicarrier 
method with regard to time -unit and frequency-unit assignment , 
or a single-carrier method with regard to time -unit assignment 
Moreover, a spread spectrum communication method may be used 
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as the method for each carrier in a mul t icarrier system. 
Thus, it is possible to implement the present invention 
similarly with OFDM-CDM. 

Furthermore, there are also cases where one antenna is 
5 composed of a plurality of antennas. 

(Embodiment 7) 

In Embodiment 7 of the present invention, a description 
is given of coding and pilot symbol configuration methods in 

10 a communication method whereby modulated signals of a 

plurality of channels are transmitted from a plurality of 
antennas at the same frequency, and an associated transmitting 
apparatus and receiving apparatus. 

FIG. 19 is a block diagram showing an example of the 

15 transmit signal frame configuration transmitted by a base 
station according to Embodiment 7 of the present invention. 
In FIG. 19, the vertical axis indicates frequency and the 
horizontal axis indicates time. 

In this case, pilot symbols 1801 are inserted in a regular 

20 manner in a channel A signal by being placed at predetermined 
positions in a frame. A receiving apparatus separates a 
channel A signal and a channel B signal by means of these pilot 
symbols 1801, and can then demodulate channel A information 
symbols 102 by estimating channel A frequency offset and 

25 channel distortion. 

At this time, pilot symbols are not inserted in a channel 
B signal. Performing coding on channel A or making a channel 
Asignal apilot at this time makes it possible for the receiving 



63 

apparatus to demodulate channel B information 

symbols 102 . 

FIG. 20 is a block diagram showing an example of the 
configuration of a transmitting apparatus according to 
5 Embodiment 7 of the present invention. Parts in FIG. 20 
identical to those in FIG. 3 are assigned the same reference 
numerals as in FIG. 3, and detailed descriptions thereof are 
omitted . 

A coding section 1901 codes channel B transmit digital 

10 signal 211 on the basis of channel A transmit digital signal 
201, and outputs a post-coding transmit digital signal 1902 
to serial/parallel conversion section 212. 

Then se rial /par a lie 1 conversion section 212 converts 
post-coding transmit digital signal 1902 to parallel data 

15 arranged in accordance with frame configuration signal 222, 
and outputs post-conversion parallel signal 213 to inverse 
discrete Fourier transform section 204. Specifically, 
serial/parallel conversion section 212 configures a frame with 
the configuration shown in FIG. 19. 

20 The configuration of a receiving apparatus will now be 

described. FIG. 21 is a block diagram showing an example of 
the configuration of a receiving apparatus according to 
Embodiment 7 of the present invention. Parts in FIG. 21 
identical to those in FIG. 4 are assigned the same reference 

25 numerals as in FIG. 4, and detailed descriptions thereof are 
omi t ted . 

A demodulation section 2003 demodulates separated 
channel A parallel signal 2001, and out puts a channel A received 
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digital signal 2004. 

A demodulation section 2005 demodulates separated 
channel B parallel signal 2002 using channel A parallel signal 
2001, and outputs a channel B received digital signal 2006. 
5 The operations whereby a channel B signal is decoded 

and demodulated based on a channel A signal using the above 
transmitting apparatus and receiving apparatus will now be 
described . 

FIGS.22A through 22H are drawings showing examples of 

10 the signal point arrangement in the I-Q plane when a channel 
B signal undergoes differential encoding with respect to a 
channel A signal. In FIGS.22A through 22H, channel A and 
channel B signals are subjected to QPSK (Quadrature Phase Shift 
Keying) modulation. 

15 The signal point when information '00' is transmitted 

in channel A carrier 1 time 4 is positioned as shown in FIG . 22A . 
At this time, differential encoding is performed for channel 
B carrier 1 time 4 with respect to channel A carrier 1 time 
4, and therefore when information '00', '01', '11', and '10' 

20 is transmitted, the signal points are positioned as shown in 
FIG.22B. That is to say, the position of a symbol received 
in channel A is made the reference position when a channel 
B symbol is demodulated (in other words, the channel B 
information '00' symbol position). 

25 Similarly, the signal point when information '01' is 

transmitted in channel A carrier 1 time 4 is positioned as 
shown in FIG.22C. At this time, differential encoding is 
performed for channel B carrier 1 time 4 with respect to channel 
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A carrier 1 time 4, and therefore when information 

'00', '01', '11'/ and '10' is transmitted, the signal points 
are positioned as shown in FIG.22D. 

Similarly, the signal point when information '11' is 
5 transmitted in channel A carrier 1 time 4 is positioned as 
shown in FIG.22E. At this time, differential encoding is 
performed for channel B carrier 1 time 4 with respect to channel 
A carrier 1 time 4, and therefore when information '00' , '01' , 
' 11' , and '10' is transmitted, the signal points are positioned 

10 as shown in FIG.22F. 

Similarly, the signal point when information '10 is 
transmitted in channel A carrier 1 time 4 is positioned as 
shown in FIG.22G. At this time, differential encoding is 
performed for channel B carrier 1 time 4 with respect to channel 

15 A carrier 1 time 4, and therefore when information '00' , '01' , 
'11', and '10' is transmitted, the signal points are positioned 
as shown in FIG.22H. 

Next, an example of the coding operation with BPSK 
modulation will be described. FIGS.23A through 23D are 

20 drawings showing examples of the signal point arrangement in 
the I-Q plane when a channel B signal undergoes differential 
encoding with respect to a channel A signal. In FIGS.23A 
through 23D, channel A and channel B signals are subjected 
to BPSK modulation. 

25 The signal point when information '1' is transmitted 

in channel A carrier 1 time 4 is positioned at 2201 as shown 
in FIG.23A. At this time, differential encoding is performed 
for channel B carrier 1 time 4 with respect to channel A carrier 
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1 time 4, and therefore when information x 0' is 
transmitted, the signal point is positioned at 2202 as shown 
inFIG.23B, and when in f orma t ion *1' is transmitted, the signal 
point is positioned at 2203. That is to say, the position 
5 of a symbol received in channel A is made the reference position 
when a channel B symbol is demodulated (in other words, the 
channel B information *1' symbol position). 

In contrast to this, the signal point when information 
'0' is transmitted in channel A carrier 1 time 4 is positioned 

10 at 2204 as shown in FIG.23C. At this time, differential 
encoding is performed for channel B carrier 1 time 4 with 
respect to channel A carrier 1 time 4, and therefore when 
information '0' is transmitted, the signal point is positioned 
at 2206 as shown in FIG.23D, and when information is 

15 transmitted, the signal point is positioned at 2205. 

An example will now be described in which a channel A 
signal constituting the coding reference is a BPSK signal, 
and a channel B signal coded based on channel A is a QPSK signal . 
FIGS.24A through 24D are drawings showing examples in which 

20 channel B M-ary modulation (here, QPSK modulation) I-Q plane 
signal point arrangement is performed based on channel A PSK 
modulation (here, BPSK ( Binary Phase Shi ft Keying ) modulation) 
The channel A and channel B modulation methods are assumed 
to be different at this time. Another feature is that the 

25 channel A modulation method is PSK modulation. 

The signal point when information y Q' is transmitted 
in channel A carrier 1 time 4 is positioned as shown in FIG.24A. 
At this time, for channel B carrier 1 time 4, the signal point 
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arrangement for information '00', '01', *11', and '10' 

is determined with respect to the channel A carrier 1 time 
4 signal point position. The signal point arrangement at this 
time is as shown in FIG.24B. That is to say, a point whose 
5 phase is advanced by 45 degrees from the position of a symbol 
received in channel A is made the reference position when a 
channel B symbol is demodulated (in other words, the channel 
B information '00' symbol position). 

Similarly, the signal point when information '1' is 

10 transmitted in channel A carrier 1 time 4 is positioned as 
shown in FIG.24C. At this time, for channel B carrier 1 time 
4, the signal point arrangement for information '00', '01', 
'11', and '10' is determined with respect to the channel A 
carrier 1 time 4 signal point position. The signal point 

15 arrangement at this time is as shown in FIG.24D. 

An example will now be described in which a channel A 
signal constituting the coding reference is a BPSK signal, 
and a channel B signal coded based on channel A is a 16QAM 
signal. FIGS.25A through 25D are drawings showing examples 

20 in which channel B M-ary modulation (here, 16QAM ( 1 6 Quadra ture 
Amplitude Modulation) ) I-Q plane signal point arrangement is 
performed based on channel A PSK modulation (here, BPSK 
modulation). In FIGS.25A through 25D, the channel A and 
channel B modulation methods are assumed to be different. 

25 Another feature is that the channel A modulation method is 
PSK modulation. 

The signal point when information '0' is transmitted 
in channel A carrier 1 time 4 is positioned as shown in FIG.25A. 
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At this time, for channel B carrier 1 time 4, the signal 
point arrangement for 4-bit information '0000' , . . . . , '1111' 
is determined based on the position of the signal point received 
at channel A carrier 1 time 4. The signal point arrangement 
5 at this time is as shown in FIG.25B. 

Similarly, the signal point when information '1' is 
transmitted in channel A carrier 1 time 4 is positioned as 
shown in FIG.25C. At this time, for channel B carrier 1 time 
4, the signal point arrangement for 4-bit information 

10 '0000', '1111' is determined based on the position of 

the signal point received at channel A carrier 1 time 4. The 
signal point arrangement at this time is as shown in FIG.25D. 

FIGS.26A through 26D are drawings showing examples in 
which channel B M-ary modulation (here, 16QAM) I-Q plane signal 

15 point arrangement is performed based on channel A PSK 

modulation (here, QPSK modulation ) . The channe 1 A and channe 1 
B modulation methods are assumed to be different at this time. 
Another feature is that the channel A modulation method is 
PSK modulation. 

20 When information '00' is transmit ted in channe 1 A carrier 

1 time 4, for channel B carrier 1 time 4 the signal point 
arrangement for 4-bit information '0000', '1111' is 

determined with respect to channel A carrier 1 time 4 signal 
point position 2501. The signal point arrangement at this 

25 time is as shown in FIG.26A. 

When information '01' is transmitted in channel A carrier 
1 time 4, for channel B carrier 1 time 4 the signal point 
arrangement for 4-bit information '0000', '1111' is 
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determined with respect to channel A carrier 1 time 4 

signal point position 2502. The signal point arrangement at 
this time is as shown in FIG.26B. 

When information '11' is transmitted in channel A carrier 
5 1 time 4, for channel B carrier 1 time 4 the signal point 
arrangement for 4-bit information '0000', '1111' is 

determined with respect to channel A carrier 1 time 4 signal 
point position 2503. The signal point arrangement at this 
time is as shown in FIG.26C. 

10 When information '10' is transmitted in channel A carrier 

1 time 4, for channel B carrier 1 time 4 the signal point 
arrangement for 4-bit information '0000' , . '1111' is 

determined with respect to channel A carrier 1 time 4 signal 
point position 2504. The signal point arrangement at this 

15 time is as shown in FIG.26D. 

FIG. 27 is a drawing showing an example of base station 
transmit signal frame configurations of this embodiment. 

In FIG. 27, pilot symbols 1801 are inserted in a regular 
fashion in both channel A and channel B. 

20 At this time, estimation symbols 103 are symbols used 

by the receiver to separate channel A and channel B, and channel 
A pilot symbols 18 01 are symbols for estimating channel A signal 
channel distortion, frequency of f set , and suchlike distortion 
components in the channel A demodulation section after channel 

25 A and channel B signal separation in the receiver. 

Similarly, channel B pilot symbols 1801 are symbols for 
estimating channel B signal channel distortion, frequency 
offset, and suchlike distortion components in the channel B 
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demodulation section after channel A and channel B 

signal separation in the receiver. 

In FIG. 27, estimation symbols 103 for when channel A 
and channel B signal separation is performed are not 
5 multiplexed in channel A and channel B. Another feature is 
that aforementioned pilot symbols 1801 are multiplexed. 

In the case in FIG. 27, both estimation symbols 103 and 
pilot symbols 1801 are, for example, known symbols (known 
pilots). However, their roles differ in the receiver. 
10 Estimation symbols 103 are used to perform signal processing 
that separates channel A and channel B multiplexed signals. 

Then, when channel A information symbols are demodulated, 
channel A pilot symbols 1801 and channel B pilot symbols 1801 
are used to estimate channel distortion, frequency offset, 
15 and phase and amplitude in the I-Q plane. 

Similarly, when channel B information symbols are 
demodulated, channel A pilot symbols 1801 and channel B pilot 
symbols 1801 are used to estimate channel distortion, 
frequency offset, and phase and amplitude in the I-Q plane. 
2 0 Then a modulated signal is generated according to FIG. 27 

frame configuration information contained in frame 
configuration signal 222 output from frame configuration 
signal generation section 221 in FIG. 3. 

Next, the arrangement of pilot symbols according to this 
25 embodiment will be described. FIG. 28 is a drawing showing 
an example of pilot symbol signal point arrangement in the 
I-Q plane according to this embodiment. 

In FIG . 28 , reference numeral 2701 indicates a known pilot 
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symbol, and denotes signal point positioning at a 

specific location. Reference numeral 2702 indicates known 
BPSK pilot symbols, which are BPSK modulated and positioned 
in a regular fashion. 
5 FIG. 29 is a drawing showing an example of base station 

transmit signal frame configurations according to this 
embodiment . In FIG. 29, the vertical axis indicates frequency 
and the horizontal axis indicates time. A feature in FIG. 29 
is that pilot symbols are not inserted for estimating channel 

10 distortion, frequency offset, and suchlike distortion after 
channel A and B separation. Another feature is that the 
channel A modulation method is PSK modulation. 

At this time, channel A undergoes differential encoding 
on the frequency axis or time axis. Then in channel B, 

15 information bits are assigned for channel A signal point 
arrangement . 

A description will now be given of the method of 
performing differential encoding of channel A and channel B, 
and the method of performing channel B signal point arrangement 
2 0 based on a channel A signal point, with the frame configurations 
in FIG. 29. 

In FIG. 29, channel A is PSK modulated, and is subjected 
to differential encoding with, for example, an ad j acent symbol 
on the frequency axis or time axis. Consequently, it is not 
25 necessary to insert pilot symbols . Then channel A and channel 
B undergo differential encoding as in FIG. 22 or FIG. 23, for 
example. Alternatively, channel B signal points are arranged 
on the basis of a channel A signal point as in FIG. 24, FIG. 25, 
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or FIG. 26. 

By coding in this way, in the receiver it is possible 
to estimate channel distortion, frequency offset, and phase 
in the I-Q plane - that is, to make pilot symbols - by means 
5 of a channel A signal when a channel B signal is demodulated. 

FIG. 20 and FIG. 21 show examples of the configurations 
of a transmitting apparatus and receiving apparatus in this 
case. At this time, points of difference in operation when 
transmitting or receiving a FIG. 19 frame are that, in FIG. 20, 
10 channel A transmit digital signal 201 undergoes differential 
encoding, and in channel A demodulation section 2003 in FIG. 21, 
differential detection (differentially coherent detection) 
is performed, and channel A received digital signal 2004 is 
output . 

15 FIG. 30 is a drawing showing an example of the 

configuration of a receiving apparatus according to this 
embodiment. Parts in FIG. 30 identical to those in FIG. 4 are 
assigned the same reference numerals as in FIG. 4, and detailed 
descriptions thereof are omitted. 

20 A demodulation section 2903 demodulates a separated 

channel A parallel signal 2901, and outputs a received digital 
signal 2904. 

A demodulation section 2905 demodulates a separated 
channel B parallel signal 2902 , and outputs a received digital 
25 signal 2906. 

FIG. 31 is a block diagram showing an example of a 
demodulation section of this embodiment. Specifically, 
FIG. 31 shows the configuration of the channel B demodulation 
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section as an example of the configuration of channel A 
and channel B demodulation sections according to this 
embodiment . 

A channel distortion estimation section 3002 estimates 
5 channel distortion from a channel B parallel signal 3001, and 
outputs a channel distortion estimation signal 3003 to an 
information symbol demodulation section 3006. 

A frequency offset estimation section 3004 estimates 
frequency offset from channel B parallel signal 3001, and 
10 outputs a frequency offset estimation signal 3005 to 
information symbol demodulation section 3006. 

Using channel distortion estimation signal 3003 and 
frequency offset estimation signal 3005, information symbol 
demodulation section 3006 demodulates channel B parallel 
15 signal 3001 and outputs a received digital signal 3007. 

FIG. 32 is a block diagram showing an example of a 
demodulation section of this embodiment. Specifically, 
FIG. 32 shows the configuration of the channel B demodulation 
section as an example of the configuration of channel A and 
20 channel B demodulation sections according to this embodiment. 

A channel distortion estimation section 3102 estimates 
channel distortion from a channel A parallel signal 3108, and 
outputs a channel distortion estimation signal 3103 to an 
information symbol demodulation section 3106. 
25 A frequency offset estimation section 3104 estimates 

frequency offset from channel- A parallel signal 3108, and 
outputs a frequency offset estimation signal 3105 to 
information symbol demodulation section 3106. 
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Using channel distortion estimation 

signal 3103 and frequency offset estimation signal 3105, 
information symbol demodulation section 3106 demodulates 
channel B parallel signal 3101 and outputs a channel B received 
5 digital signal 3107. 

FIG . 3 3 is a block diagram showing an example of a 
demodulation section of this embodiment. Specifically, 
FIG. 33 shows the configuration of the channel B demodulation 
section as an example of the configuration of channel A and 
10 channel B demodulation sections according to this embodiment . 

A channel distortion estimation section 3202 estimates 
channel distortion from a channel B parallel signal 3201 and 
channel A parallel signal 3208, and outputs a channel 
distortion estimation signal 3203 to an information symbol 
15 demodulation section 3206. 

A frequency offset estimation section 3204 estimates 
frequency offset from channel B parallel signal 3201 and 
channel A parallel signal 3208, and outputs a frequency offset 
estimation signal 3205 to information symbol demodulation 
20 section 3206. 

Using channel distortion estimation signal 3203 and 
frequency offset estimation signal 3205, information symbol 
demodulation section 3206 demodulates channel B parallel 
signal 3201 and outputs a channel B received digital signal 
25 3207. 

FIG. 34 is a block diagram showing an example of a 
demodulation section of this embodiment. Specifically, 
FIG. 34 shows the configuration of the channel B demodulation 
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section as an example of the configuration of channel A 
and channel B demodulation sections according to this 
embodiment . 

Using a channel A parallel signal 3302, an information 
5 symbol demodulation section 3303 demodulates a channel B 
parallel signal 3301 and outputs a channel B received digital 
signal 3304 . 

FIG. 35 is a block diagram showing an example of the 
configuration of a receiving apparatus according to this 

10 embodiment. Parts in FIG. 35 identical to those in FIG. 4 or 
FIG. 30 are assigned the same reference numerals as in FIG. 4 
or FIG. 30, and detailed descriptions thereof are omitted. 

Features of FIG. 35 are that separated channel A parallel 
signal 2901 and separated channel B parallel signal 2902 are 

15 input to channel A demodulation section 2903, and that channel 
A demodulation is performed by means of separated channel A 
parallel signal 2901 and separated channel B parallel signal 
2902 . 

Similarly, features are that separated channel A 
20 parallel signal 2901 and separated channel B parallel signal 
2902 are input to channel B demodulation section 2905, and 
that channel B demodulation is performed by means of separated 
channel A parallel signal 2901 and separated channel B parallel 
signal 2902. 

25 In FIG. 35, the example of the channel A and channel B 

demodulation sections is as shown in FIG. 33. That is to say, 
demodulation section 2903 and demodulation section 2905 have 
the configuration of the demodulation section in FIG.33. Here, 
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channel A demodulation section 2903 will be 

described as an example. 

Channel distortion estimation section 3202 extracts 
pilot symbols inserted in channel A and channel B from channel 
5 A parallel signal 3201 corresponding to separated channel A 
parallel signal 2901 in FIG. 35, and channel B parallel signal 
3208 (FIG. 27) corresponding to separated channel B parallel 
signal 2902 in FIG. 35, estimates channel distortion, and 
outputs channel distortion estimation signal 3203 to 

10 information symbol demodulation section 3206. 

Similarly, frequency offset estimation section 3204 
extracts pilot symbols inserted in channel A and channel B 
from channel A parallel signal 3201 corresponding to separated 
channel A parallelsignal2901inFIG.35, and channel B parallel 

15 signal 3208 (FIG. 27) corresponding to separated channel B 
parallel signal 2902 in FIG. 35, estimates frequency offset, 
and outputs frequency offset estimation signal 3205 to 
information symbol demodulation section 3206. 

Then, using channel distortion estimation signal 3203 

20 and frequency offset estimation signal 3205, information 
symbol demodulation section 3206 eliminates frequency offset, 
channel distortion, and suchlike distortion from channel A 
parallel signal 3201, performs demodulation, and outputs 
channel A received digital signal 3007. 

25 By estimating channel distortion and frequency offset 

by using channel A and channel B pilot symbols in this way, 
estimation precision is improved, and reception sensitivity 
characteristics are improved. 
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The above description refers to the configuration 

in FIG. 33 in which a channel distortion estimation section 
and frequency offset estimation section are provided, but the 
present invention can be similarly implemented with a 
5 configuration in which only one or the other is provided. 

FIG. 36 is a block diagram showing an example of a 
demodulation section of this embodiment. Specifically, 
FIG. 36 shows the configuration of the channel B demodulation 
section as an example of the configuration of channel A and 
10 channel B demodulation sections according to this embodiment. 
Parts in FIG. 36 identical to those in FIG. 33 are assigned the 
same reference numerals as in FIG. 33, and detailed 
descriptions thereof are omitted. 

A demodulation section of a receiving apparatus of this 
15 embodiment will now be described. FIG. 31 is a block diagram 
showing the configuration of a receiving apparatus of this 
embodiment. Specifically, FIG. 31 is a block diagram showing 
the detailed configuration of demodulation section 2003 in 
FIG . 21 . 

20 In FIG. 31, channel distortion estimation section 3002 

extracts pilot symbols - for example, pilot symbols 1801 
inserted in channel A in FIG. 19 - from channel A parallel signal 
3001 corresponding to separated channel A parallel signal 2001 
in FIG. 21, and estimates channel distortion. 

25 Similarly, frequency offset estimation section 3004 

extracts pilot symbols - for example, pilot symbols 1801 
inserted in channel A in FIG. 19 - from channel A parallel signal 
3001, and estimates frequency offset. 
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Then, using channel distortion estimation 

signal 3003 and frequency offset estimation signal 3005, 
information symbol demodulation section 3006 eliminates 
frequency offset, channel distortion, and suchlike distortion 
5 from channel A parallel signal 3001, and performs 
demodulation . 

Channel B demodulation section 2005 has separated 
channel A parallel signal 2001 and separated channel B parallel 
signal 2002 as input, demodulates channel B information 
10 symbols 102 in FIG. 19, and outputs channel B received digital 
signal 2006. Drawings showing the detailed configuration of 
channel B demodulation section 2005 at this time are FIG. 34 
and FIG. 36. 

In FIG . 3 4 , information symbol demodulation section 3303 
15 has as input channel A parallel signal 3302 corresponding to 
separated channel A parallel signal 2001 in FIG. 21, and channel 
B parallel signal 3301 corresponding to separated divided 
channel B parallel signal 2002 in FIG. 21, and performs 
differential detection (differentially coherent detection) . 
20 In FIG. 36, channel distortion estimation section 3202 

extracts pilot symbols - for example, channel A pilot symbols 
1801 in FIG. 19 - from channel A parallel signal 3208 
corresponding to separated channel A parallel signal 2001 in 
FIG. 21, and estimates channel distortion. 
25 Similarly, frequency offset estimation section 3204 

extracts pilot symbols - for example, channel A pilot symbols 
1801 in FIG. 19 - from channel A parallel signal 3208 
corresponding to separated channel A parallel signal 2001 in 
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FIG. 21, and estimates frequency offset. 

Then, using channel distortion estimation signal 3203 
and frequency offset estimation signal 3205, information 
symbol demodulation sect ion 3206 eliminates frequency offset, 
5 channel distortion, and suchlike distortion from channel A 
parallel signal 3208 and channel B parallel signal 3201, 
performs differential detection (differentially coherent 
detection) on the channel B parallel signal and channel A 
parallel signal, and outputs a channel B received digital 

10 signal 3207. 

Thus, according to a transmitting apparatus and 
receiving apparatus of this embodiment, a channel B signal 
undergoes differential encoding by means of a channel A signal, 
and pilot symbols are not inserted in channel B, with the result 

15 that transmission speed is improved compared with a system 
in which pilot symbols are inserted in channel B. 

The method of differential encoding for channel A and 
channel B is not limited to this. For example, differential 
encoding may be performed only for certain specific symbols. 

20 Also, it is not necessary for channel A and channel B 

differentially coded symbols to be symbols of the same carrier 
or the same time. Furthermore, a description has been given 
using BPSK and QPSK as examples of differential encoding, but 
this is not a limitation, and in the case of PSK modulation, 

25 in particular, the present invention is easy to implement. 
The channel used as a reference when performing differential 
encoding must transmit constantly, and this channel is 
suitable for the transmission of control information, such 
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as communication conditions and channel configuration 
information, for example. 

The above description refers to configurations in FIG. 32 
and FIG. 36 in which a channel distortion estimation section 
5 and frequency offset estimation section are provided, but the 
present invention can be similarly implemented with a 
configuration in which only one or the other is provided. 

A transmitting apparatus and receiving apparatus are 
not limited to the configurations in FIG.20 and FIG.21. Also, 

10 the use of multiplex frames and non-multiplexed frames with 
two channels and two antennas has been described as an example, 
but the present invention is not limited to this. For example, 
it is possible to implement the present invention similarly 
with multiplex frames using three channels and three antennas, 

15 and multiplex frames using two channels and two of three 
antennas. In this case, when using 3-channel multiplexing, 
if the additional channel is designated channel C, channel 
C is differentially coded with channel A. Also, the frame 
configurations are not limited to those in FIG. 19. 

20 Furthermore, an example has been described in which OFDM is 
used as the communication method, but it is possible to 
implement the present invention similarly with amulticarrier 
method, a spread spectrum communication method, or a 
single-carrier method. Moreover, a spread spectrum 

2 5 communication method maybeusedasthe method for each carrier 
in a multicarrier system. Thus, it is possible to implement 
the present invention similarly with OFDM- C DM . 

Furthermore, there are also cases where one antenna is 
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composed of a plurality of antennas. 

Next, a case will be described in which channel B is 
coded based on a channel A signal. 
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Thecodingmethodof channelAandchannelBis not limited 
tothis. For example, coding may be performed only for certain 
specific symbols. Also, it is not necessary for channel A 
and channel B coded symbols to be symbols of the same carrier 

10 or the same time. Furthermore, a description has been given 
using BPSK and QPSK as examples of differential encoding, but 
this is not a limitation, and in the case of PSK modulation, 
in particular, the present invention is easy to implement. 
The channel used as a reference when coding must transmit 

15 constantly, and this channel is suitable for the transmission 
of control information, such as communication conditions and 
channel configuration information, for example. 

The above description refers to a configuration in FIG. 36 
in which a channel distortion estimation section and frequency 

20 offset estimation section are provided, but the present 
invention can be similarly implemented with a configuration 
in which only one or the other is provided. 

A transmitting apparatus and receiving apparatus are 
not limited to the configurations in FIG. 20 and FIG. 21. Also, 

25 the use of multiplex frames and non-multiplexed frames with 
two channels and two antennas has been described as an example, 
but the present invention is not limited to this. For example, 
it is possible to implement the present invention similarly 
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with multiplex frames using three channels and three 
antennas, and multiplex frames using two channels and two of 
three antennas. In this case, when using 3-channel 
multiplexing, if the additional channel is designated channel 
5 C, channel C is coded with channel A. Also, the frame 
configurations are not limited to those in FIG. 19. 
Furthermore, an example has been described in which OFDM is 
used as the communication method, but it is possible to 
implement the present invention similarly with a multicarrier 

10 method, a spread spectrum communication method, or a 
single-carrier method. Moreover, a spread spectrum 
communication method may be used as the method for each carrier 
in a multicarrier system. Thus, it is possible to implement 
the present invention similarly with OFDM-CDM (Orthogonal 

15 Frequency Division Multiplexing - Code Division 
Multiplexing ) . 

Furthermore, there are also cases where one antenna is 
composed of a plurality of antennas. 

In the above description, the coding method of channel 

20 A and channel B is not limited to this, and, for example, coding 
may be performed only for certain specific symbols. Also, 
it is not necessary for channel A and channel B coded symbols 
to be symbols of the same carrier or the same time. Furthermore , 
a description has been given using BPSK and QPSK as examples 

25 of differential encoding, but this is not a limitation, and 
in the case of PSK modulation, in particular, the present 
invention is easy to implement. The channel used as a 
reference when coding must transmit constantly, and this 
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channel is suitable for the transmission of control 
information, such as communication conditions and channel 
configuration information, for example, 

A transmitting apparatus and receiving apparatus are 
5 no tli mi tedtot he con figurations in FIG.20 and FIG.21. Also, 
the use of multiplex frames and non-multiplexed frames with 
two channels and two antennas has been described as an example, 
but the present invention is not limited to this. For example, 
it is possible to implement the present invention similarly 

10 with multiplex frames using three channels and three antennas, 
and multiplex frames using two channels and two of three 
antennas. In this case, when using 3-channel multiplexing, 
if the additional channel is designated channel C, channel 
C is coded with channel A. Also, the frame configurations 

15 are not limited to those in FIG. 29. Furthermore, an example 
has been described in which OFDM is used as the communication 
method, but it is possible to implement the present invention 
similarly with a multicarrier method, a spread spectrum 
communication method, or a single-carrier method. Moreover, 

20 aspreadspectrum communication method ma ybeusedas the method 
for each carrier in a multicarrier system. Thus, it is 
possible to implement the present invention similarly with 
OFDM-CDM . 

Furthermore, there are also cases where one antenna is 
25 composed of a plurality of antennas. 

As described above, channel A is differentially coded 
on the frequency axis or time axis, a channel A and channel 
B signal is coded by means of a channel A signal, and pilot 
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symbols are not inserted in channel A or channel B, with 
the result that transmission speed is improved compared with 
a system in which pilot symbols are inserted in channel A and 
channel B. 

5 The method of inserting pilot symbols in channel A and 

channel B will now be described using FIG. 3, FIG. 27, FIG. 30, 
FIG. 33, and FIG. 35. 

A transmitting apparatus and receiving apparatus are 
not limited to the configurations in FIG. 3 and FIG. 35. Also, 

10 the use of multiplex frames and non-multiplexed frames with 
two channels and two antennas has been described as an example, 
but the present invention is not limited tothis. For example, 
it is possible to implement the present invention similarly 
with mult iplex frames using three channels and three antennas, 

15 and multiplex frames using two channels and two of three 
antennas. In this case, when using 3-channel multiplexing, 
estimating channel distortion and frequency offset using pilot 
symbols of three channels enables estimation precision to be 
improved. Also, the frame configurations are not limited to 

20 those in FIG. 27. Furthermore, an example has been described 
in which OFDM is used as the communication method, but it is 
possible to implement the present invention similarly with 
a multicarrier method, a spread spectrum communication method, 
or a single-carrier method. Moreover, a spread spectrum 

25 communication method may be used as the method for each carrier 
in a multicarrier system. Thus, it is possible to implement 
the present invention similarly with OFDM-CDM. 

Furthermore, there are also cases where one antenna is 
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composed of a plurality of antennas. 

Thus, according to a transmitting apparatus and 
receiving apparatus of this embodiment, estimation precision 
is improved by estimating frequency offset and channel 
5 distortion using channel A and channel B pilots, as a result 
of which channel A and channel B demodulate reception 
sensitivity are improved. 

(Embodiment 8) 

10 In Embodiment 8 of the present invention, a description 

is given of a transmitting apparatus provided with one 
transmission baseband frequency source and one radio section 
frequency source, and a receiving apparatus provided with one 
reception baseband frequency source and one radio section 

15 frequency source, in a transmission method whereby modulated 
signals of a plurality of channels are transmitted from a 
plurality of antennas in the same frequency band. 

FIG. 37 is a block diagram showing an example of the 
configuration of a transmitting apparatus according to 

20 Embodiment 8 of the present invention. Parts in FIG. 37 

identical to those in FIG. 3 are assigned the same reference 
numerals as in FIG. 3, and detailed descriptions thereof are 
omitted . 

A frequency source 3601 generates a transmission 
25 baseband signal operating frequency signal 3602, and outputs 
operating frequency signal 3602 to serial/ parallel conversion 
section 202, inverse discrete Fourier transform section 204, 
serial/parallel conversion section 212, inverse discrete 



Fourier transform section 214, and frame configuration 
signal generation section 221. 

A frequency source 3603 generates a radio section 
operating frequency signal 3604, and outputs operating 
5 frequency signal 3604 to radio section 206 and radio section 

216 . 

The operation of the transmitting apparatus in FIG. 37 
will now be described. In FIG. 37, transmission baseband 
frequency source 3601 generates operating frequency signal 
10 3602. 

Then serial /parallel conversion sections 202 and 212, 
and inverse discrete Fourier transform sections 204 and 214, 
perform signal processing in synchronization with operating 
frequency signal 3602. 

15 Similarly, radio section frequency source 3603 

generates operating frequency signal 3604. 

Then radio sections 206 and 216 perform frequency 
conversion of post- inverse-discrete- Fourier-trans form 
signals 205 and 215 in synchronization with operating 

20 frequency signal 3604, and output transmit signals 207 and 

217 . 

Thus, according to a transmitting apparatus of this 
embodiment, frequency sources can be reduced compared with 
a case in which a frequency source is provided individually 
25 for each antenna. Also, sharing frequency sources in the 
transmitting apparatus enables channel A and channel B signal 
frequency synchronization and time synchronization to be 
performed easily in the receiving apparatus . This is because, 
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since frequency sources are shared by channel A and 
channel B, individual synchronization is not necessary. 

The receiving side will now be described. FIG. 38 is 
a block diagram showing an example of the configuration of 
5 a receiving apparatus according to Embodiment 8 of the present 
invention. Parts in FIG. 38 identical to those in FIG. 4 are 
assigned the same reference numerals as in FIG . 4 , and detailed 
descriptions thereof are omitted. 

A frequency source 3701 generates a reception baseband 
10 operating frequency signal 3702, and outputs operating 
frequency signal 3702 to synchronization section 334. 

A frequency source 3703 generates a radio section 
operating frequency signal 3704, and outputs radio section 
operating frequency signal 3704 to radio section 303 and radio 
1 5 section 313 . 

The operation of the receiving apparatus in FIG. 38 will 
now be described. 

Reception baseband frequency source 3701 generates 
operating frequency signal 3702. 
20 Synchronization section 334 compares operating 

frequency signal 3702 and the synchronization timing acquired 
by means of received quadrature baseband signals 304 and 314, 
and generates timing signal 335 

Using frequency offset estimation signal 333, frequency 
25 source 3703 controls the frequency so as to be synchronized 
with the transmitting apparatus, and generates operating 
frequency signal 3704. 

Radio sections 303 and 313 perform frequency conversion 
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of received signals 302 and 312 respectively based on 
operating frequency signal 3704. 

Thus, according to a receiving apparatus of this 
embodiment, frequency sources can be reduced compared with 
5 a case in which a frequency source is provided individually 
for each antenna. Also, channel A and channel B signal 
frequency synchronization and time synchronization can be 
performed easily. 

A transmitting apparatus and receiving apparatus are 

10 not limitedto the configurations in FIG. 37 and FIG. 38. Also, 
the use of multiplex frames and non-multiplexed frames with 
two channels and two antennas has been described as an example, 
but the present invention is not limited to this . For example, 
it is possible to implement the present invention similarly 

15 with multiplex frames using three channels and three antennas, 
and multiplex frames using two channels and two of three 
antennas. Also, an example has been described in which OFDM 
is used as the communication method, but it is possible to 
implement the present invention similarly with a multicarrier 

20 method, a spread spectrum communication method, or a 
single-carrier method. Moreover, a spread spectrum 
communication method may be used as the method for each carrier 
in a multicarrier system. Thus, it is possible to implement 
the present invention similarly with OFDM- C DM . 

25 Furthermore, there are also cases where one antenna is 

composed of a plurality of antennas. 

By using a transmitting apparatus provided with one 
transmission baseband frequency source and one radio section 
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frequency source, and a receiving apparatus 

provided with one reception baseband frequency source and one 
radio section frequency source, in a transmission method 
whereby modulated signals of a plurality of channels are 
5 transmitted from a plurality of antennas in the same frequency 
band, as described above, frequency sources can be reduced 
compared with a case in which a frequency source is provided 
individually for each antenna in the transmitting apparatus. 
Also, sharing frequency sources in the transmitting apparatus 
10 enables channel A and channel B signal frequency 

synchronization and time synchronization to be performed 
easily in the receiving apparatus. 

(Embodiment 9) 

15 In Embodiment 9 of the present invention, a description 

is given of a communication method whereby the communication 
method is switched between a communication method in which 
signals of a plurality of channels are transmitted from a 
plurality of antennas and a communication method in which a 

20 signal of one channel is transmitted, according to the 
environment, and the configurations of an associated 
transmitting apparatus and receiving apparatus. 

FIG. 39 is a drawing showing an example of base station 
arrangement according to Embodiment 9 of the present invention. 

25 In FIG. 39, base station 3801 transmits a modulated signal at 
frequency fl, and the corresponding communication limit is 
indicated by reference numeral 3802. Similarly, base station 
3803 transmits a modulated signal at frequency f2, and the 
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corresponding communication limit is indicated by 
reference numeral 3804. In FIG. 39, it is assumed that base 
station 3801 that transmits a modulated signal at frequency 
fl and base station 3803 that transmits a modulated signal 
5 at frequency f2 are installed at almost the same location. 

A base station apparatus and communication terminal of 
this embodiment adaptively switch between signals of a 
communication method whereby signals of a plurality of 
channels are multiplexed using a plurality of antennas and 
10 a signal of a single channel according to the radio wave 
propagation environment and communication area. 

Base station 3801 transmits signals with the frame 
configurations shown in FIG. 9 at frequency fl. 

Base station 3803 transmits signals with the frame 
15 configuration shown in FIG. 10 at frequency f2. Frequency fl 
and frequency f2 are arranged as shown in FIG. 11. 

It is here assumed that base station 3801 is configured 
as shown in FIG. 3, and that signals of a plurality of channels 
are multiplexed and transmitted from a plurality of antennas. 
20 Here, for example, signals of two channels are multiplexed 
and transmitted using frame configurations such as shown in 
FIG. 9 . 

The receiving apparatus of base station 3801 will now 
be described in detail. FIG. 40 is a block diagram showing 
25 the configuration of a base station receiving apparatus 
according to Embodiment 9 of the present invention. FIG. 40 
shows one example of the configuration of a receiving apparatus 
of base station 3801 and base station 3803. In FIG. 40, a radio 



91 

section 3903 converts a received signal 3902 

received by a receiving antenna 3901, and outputs a received 
quadrature baseband signal 3904 to a demodulation section 
3905 . 

5 Demodulation section 3905 demodulates received 

quadrature baseband signal 3904, and outputs a received 
digital signal 3906. 

The transmitting apparatus of base station 3801 will 
now be described in detail. FIG. 41 is a block diagram showing 
10 the configuration of a base station transmitting apparatus 
according to Embodiment 9 of the present invention. FIG. 41 
shows one example of the configuration of a transmitting 
apparatus of base station 3803 according to this embodiment. 
In FIG. 41, a serial/parallel conversion section 4002 
15 configures a frame from a transmit digital signal 4001, and 
outputs a parallel signal 4003 to an inverse discrete Fourier 
transform section 4004. 

Inverse discrete Fourier transform section 4004 
performs inverse Fourier transform processing of parallel 
20 signal 4003, and outputs a post-inverse-Fourier-transform 
signal 4005 to a radio section 4006. 

Radio section 4006 converts 
post-inverse-Fourier-transform signal 4005 to radio 
frequency, and a transmit signal 4007 is output as a radio 
25 wave from an antenna 4008. 

FIG. 42 is a drawing showing an example of the 
configuration of a terminal receiving apparatus according to 
Embodiment 9 of the present invention. Parts in FIG. 42 
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identical to those in FIG. 13 or FIG . 14 are assigned the 
same reference numerals as in FIG. 13 or FIG. 14, and detailed 
descriptions thereof are omitted. The receiving apparatus 
in FIG. 42 comprises a receiving section for demodulating 
5 frequency fl channel A and channel B via two antennas, and 
a receiving section for demodulating frequency f2 channel C. 

Radio wave propagation environment estimation section 

1301 estimates the radio wave propagation environments of 
frequency fl channel A and channel B multiplex signals, and 

10 outputs a radio wave propagation environment estimation signal 

1302 . 

Radio wave propagation environment estimation section 

1303 estimates the radio wave propagation environment of a 
frequency f2 channel C signal, and outputs a radio wave 

15 propagation environment estimation signal 1304. 

A communication method determination section 4101 
decides upon either communication by means of frequency fl 
- that is, with base station 3801 - or communication by means 
of frequency f2 - that is, with base station 3803 — based on 

20 radio wave propagation environment estimation signals 1302 
and 1304. 

FIG. 43 is a drawing showing an example of the 
configuration of a terminal transmitting apparatus according 
to Embodiment 9 of the present invention. The transmitting 
25 apparatus in FIG. 43 comprises a frequency fl modulated signal 
transmitting section and a frequency f2 modulated signal 
transmitting section. 

A communication method selection section 4203 has a 
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determined communication method signal 4202 as input, 

and outputs a transmit digital signal 4201 to a modulated signal 
generation section 4205 or modulated signal generation section 
4211 according to the communication method contained in 
5 determined communication method signal 4202 . That is to say, 
when transmitting by means of frequency fl, communication 
method selection section 4203 outputs transmit digital signal 
42 01 to modulated signal generation section 4205 as a frequency 
f 1 transmit digital signal 4 2 04 , and when transmitting by means 
10 of frequency f2, communication method selection section 4203 
outputs transmit digital signal 4201 to modulated signal 
generation section 4211 as a frequency f2 transmit digital 
signal 4210. 

Modulated signal generation section 4205 modulates 
15 frequency fl transmit digital signal 4204 , and outputs a 
transmit quadrature baseband signal 4206 to a radio section 
4207 . 

Radio section 4207 converts transmit quadrature 
baseband signal 4206 to radio frequency fl, and a frequency 
20 fl modulated signal 4208 is transmitted as a radio wave from 
an antenna 4 2 0 9, 

Modulated signal generation section 4211 modulates 
frequency f2 transmit digital signal 4210, and outputs a 
transmit quadrature baseband signal 4212 to a radio section 
25 4213. 

Radio section 4213 converts transmit quadrature 
baseband signal 4212 to radio frequency f2, and a frequency 
f2 modulated signal 4214 is transmitted as a radio wave from 
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an antenna 4215. 

FIG. 44 is a drawing showing an example of base station 
arrangement according to Embodiment 9 of the present invention. 
Parts in FIG. 44 identical to those in FIG. 39 are assigned the 
5 same reference numerals as in FIG. 39, and detailed 
descriptions thereof are omitted. 



10 As in FIG. 39, at point A and point D, a modulated signal 

transmitted by base station 3801 that transmits a frequency 
f 1 modulated signal can be received, and at point B and point 
C, a modulated signal transmitted by base station 3803 that 
transmits a frequency f2 modulated signal can be received. 

15 At this time, it is assumed that a terminal is at point 

A or D, for example. Then, a signal whereby it is known that 
a frequency fl signal is present is output as radio wave 
propagation environment estimation signal 1302 by radio wave 
propagation environment estimation section 1301 of the 

20 terminal receiving apparatus in FIG. 42, and a signal 

indicating that a frequency f2 signal is not present is output 
as radio wave propagation environment estimation signal 1304 
by radio wave propagation environment estimation section 1303 . 

It is also assumed that a terminal is at point B or C. 

25 Then, a signal whereby it is known that a frequency fl signal 
is not present is output as radio wave propagation environment 
estimation signal 1302 by radio wave propagation environment 
estimation section 1301 of the terminal receiving apparatus 
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in FIG. 42, and a signal indicating that a frequency 

f2 signal is present is output as radio wave propagation 
environment estimation signal 1304 by radio wave propagation 
environment estimation section 1303. 
5 Communication method determination section 4101 has 

above-described radio wave propagation environment 
estimation signals 1302 and 1304 as input, decides upon 
communication by frequency fl or f2 forwhichamodulatedsignal 
is present, and outputs the decision as a determined 

10 communication method signal 4102. 

When there is a base station 3801 that transmits a 
frequency fl modulated signal and a base station 3803 that 
transmits a frequency f2 modulated signal, as in FIG. 44, a 
signal whereby it is known that a frequency f 1 signal is present 

15 is output as radio wave propagation environment estimation 
signal 1302 by radio wave propagation environment estimation 
sectionl301, andasignal indicating that a frequency f 2 signal 
is present is also output as radio wave propagation environment 
estimation signal 1304 by radio wave propagation environment 

20 estimation section 1303. 

Communication method determination section 4101 in 
FIG. 42 has above -de s cribed radio wave propagation environment 
estimation signals 1302 and 1304 as input, selects a 
communication method with a high transmission speed, for 

25 example, and outputs determined communication method signal 
4102. If the occupied frequency bands of fl and f2 modulated 
signals are equal at this time, since the communication speed 
is higher with frequency fl whereby signals of a plurality 
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of channels are transmitted by a plurality of antennas, the 
frequency fl communication method is selected as the preferred 
method . 

If a terminal wishes to select an error- tolerant 
5 communication method, the frequency f2 communication method 
is selected as the preferred method. 

The configurations of the above transmitting apparatus 
and receiving apparatus are not limited to the configurations 
in FIG. 3, FIG. 40, FIG. 41, FIG. 42, or FIG. 43. Also, in the 

10 frame configurations in FIG. 9, multiplex frames with two 
channels and two antennas have been illustrated, but the 
present invention is not limited to this. For example, it 
is possible to transmit multiplex frames using three channels 
and three antennas. Also, an example has been described in 

15 which OFDM is used as the communication method, but it is 
possible to implement the present invention similarly with 
a multicarrier method, a spread spectrum communication method, 
or a single-carrier method. For example, OFDM may be used 
as a communication method whereby signals of a plurality of 

20 channels are transmitted by a plurality of antennas, and a 
spread spectrum communication method as a non-multiplexed 
signal communication method. Moreover, a spread spectrum 
communication method may be used as the method for each carrier 
in a multicarrier system. Thus, it is possible to implement 

25 the present invention similarly with OFDM- C DM . 

Furthermore, there are also cases where one antenna is 
composed of a plurality of antennas. 

Thus, according to a transmitting apparatus and 
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receiving apparatus of this embodiment, by having a 
terminal switch the communication method to be selected, 
giving priority to transmission speed or giving priority to 
error tolerance, by using a communication method whereby the 
5 communication method is switched between a communication 
method in which signals of a plurality of channels are 
transmitted from a plurality of antennas and a communication 
method in which a signal of one channel is transmitted, it 
is possible for a terminal to perform communication as desired. 
10 Also, according to a transmitting apparatus and receiving 
apparatus of this embodiment, by switching the communication 
method according to the radio wave propagation environment, 
it is possible to achieve compatibility between data 
transmission speed and received data quality. 

15 

(Embodiment 10) 

In Embodiment 10 of the present invention, a description 
is given of a communication method whereby a radio 
communication apparatus that receives information on the 

20 number of antennas provided from a communicating party, is 
provided with a plurality of antennas, and has a function that 
transmits a plurality of channels, transmits modulated signals 
of a number of channels in accordance with information on the 
number of antennas. 

25 FIG. 45 is a drawing showing an example of base station 

frame configurations according to Embodiment 10 of the present 
invention. Parts in FIG. 45 identical to those in FIG. 2 are 
assigned the same reference numerals as in FIG. 2, and detailed 
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descriptions thereof are omitted. In FIG. 45, 

reference numeral 4401 indicates a guard symbol, where there 
is no modulated symbol. Also, in FIG. 45, modulated signals 
of 1 to 3 channels are transmitted. 
5 FIG. 46 is a drawing showing an example of base station 

frame configurations according to Embodiment 10 of the present 
invention. Parts in FIG. 46 identical to those in FIG. 2 or 
FIG. 45 are assigned the same reference numerals as in FIG. 2 
or FIG. 45, and detailed descriptions thereof are omitted. In 

10 FIG. 45, modulated signals of 1 to 2 channels are transmitted. 
FIG. 47 is a drawing showing an example of the 
configuration of a base station transmitting apparatus 
according to Embodiment lOof the present invention. In FIG . 47 , 
a modulated signal generation section 4 602 modulates a channel 

15 A transmit digital signal 4601, configures a frame indicated 
by a frame configuration signal 4619, and outputs a modulated 
signal 4603 with a frame configuration in accordance with frame 
configuration signal 4619 to a radio section 4604. 

Radio section 4604 converts modulated signal 4603 to 

20 radio frequency, and a transmit signal 4605 is output as a 
radio wave from an antenna 4606. 

A modulated signal generation section 4608 modulates 
a channel B transmit digital signal 4607, configures a frame 
indicated by frame configuration signal 4619, and outputs a 

25 modulated signal 4609 with a frame configuration in accordance 
with frame configuration signal 4619 to a radio section 4610. 

Radio section 4610 converts modulated signal 4609 to 
radio frequency, and a transmit signal 4611 is output as a 
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radio wave from an antenna 4612. 

A modulated signal generation section 4614 modulates 
a channel C transmit digital signal 4613, configures a frame 
indicated by frame configuration signal 4619, and outputs a 
5 modulated signal 4615 with a frame configuration in accordance 
with frame configuration signal 4619 to a radio section 4616. 

Radio section 4616 converts modulated signal 4615 to 
radio frequency, and a transmit signal 4617 is output as a 
radio wave from an antenna 4618. 
10 By this means, modulated signals of three channels are 

multiplexed and transmitted at the same frequency. 

FIG. 48 is a drawing showing an example of the 
configuration of a base station receiving apparatus according 
to Embodiment 10 of the present invention. Parts in FIG. 48 
15 identical to those in FIG. 40 are assigned the same reference 
numerals as in FIG. 40, and detailed descriptions thereof are 
omitted. 

A data separation section 4701 separates a received 
digital signal 3906 into receive data, antenna information, 
20 and radio wave propagation environment estimation information, 
outputs receive data 4702, and outputs an antenna information 
signal 4703 and radio wave propagation environment estimation 
signal 4704 to a frame configuration determination section 
4705 . 

25 Frame configuration determination section 4705 

determines the frame configuration based on antenna 
information signal 4 703 and radio wave propagation environment 
estimation signal 4704, and outputs a frame configuration 



I 



100 

signal 4706. 

FIG. 49 is a drawing showing an example of the 
configuration of a terminal receiving apparatus according to 
Embodiment 10 of the present invention. In FIG. 49, a radio 
5 section 4803 converts a received signal 4802 received by an 
antenna 4801 to baseband frequency, and outputs a received 
quadrature baseband signal 4804 to a channel distortion 
estimation section 4805, channel distortion estimation 
section 4807, and channel distortion estimation section 4 809. 

10 Channel distortion estimation section 4805 outputs a 

channel A channel distortion estimation signal 4806 from 
received quadrature baseband signal 4804 to a signal 
processing section 4831. 

Channel distortion estimation section 4807 outputs a 

15 channel B channel distortion estimation signal 4808 from 
received quadrature baseband signal 4804 to signal processing 
section 4831. 

Channel distortion estimation section 4809 outputs a 
channel C channel distortion estimation signal 4810 from 
20 received quadrature baseband signal 4 804 to signal processing 
section 4 8 31. 

A radio section 4813 converts a received signal 4812 
received by an antenna 4811 to baseband frequency, and outputs 
a received quadrature baseband signal 4814 to a channel 
25 distortion estimation section 4815, channel distortion 

estimation section 4817, and channel distortion estimation 
section 4 819. 

Channel distortion estimation section 4815 has received 
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quadrature baseband signal 4814 as input, and outputs 

a channel A channel distortion estimation signal 4816 to signal 
processing section 4831. 

Channel distortion estimation section 4817 has received 
5 quadrature baseband signal 4814 as input, and outputs a channel 
B channel distortion estimation signal 4818 to signal 
processing section 4831. 

Channel distortion estimation section 4819 has received 
quadrature baseband signal 4 814 as input, and outputs a channel 
10 C channel distortion estimation signal 4820 to signal 
processing section 4831. 

A radio section 4823 has a received signal 4822 received 
by an antenna 4821 as input, and outputs a received quadrature 
baseband signal 4824 to a channel distortion estimation 
15 section 4825 , channel distortion estimation sect ion 4 827 , and 
channel distortion estimation section 4829. 

Channel distortion estimation section 4825 has received 
quadrature baseband signal 4824 as input, and outputs a channel 
A channel distortion estimation signal 4826 to signal 
20 processing section 4831. 

Channel distortion estimation section 4 827 has received 
quadrature baseband signal 4824 as input, and outputs a channel 
B channel distortion estimation signal 4828 to signal 
processing section 4831. 
25 Channel distortion estimation section 4829 has received 

quadrature baseband signal 4824 as input, and outputs a channel 
C channel distortion estimation signal 4830 to signal 
processing section 4831. 
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Signal processing section 4831 has received 

quadrature baseband signals 4804, 4814, and 4824, channel A 
channel distortion estimation signals 4806, 4816, and 4826, 
channel B channel distortion estimation signals 4808, 4818, 
5 and 4828, and channel C channel distortion estimation signals 
4810, 4820, and 4830 as input, performs inverse matrix 
computations, and outputs a channel A received quadrature 
baseband signal 4832 to a demodulation section 4833, a channel 
B received quadrature baseband signal 4835 to a demodulation 
10 section 4836, and a channel C received quadrature baseband 
signal 4838 to a demodulation section 4839. 

Demodulation section 4833 demodulates channel A 
received quadrature baseband signal 4832, and outputs a 
received digital signal 4834. 
15 Demodulation section 4836 demodulates channel B 

received quadrature baseband signal 4835, and outputs a 
received digital signal 4837. 

Demodulation section 4839 demodulates channel C 
received quadrature baseband signal 4838, and outputs a 
20 received digital signal 4840. 

A radio wave propagation environment estimation section 
4841 estimates the radio wave propagation environment from 
received quadrature baseband signals 4804, 4814, and 4824, 
and outputs a radio wave propagation environment estimation 
25 signal 4842. 

FIG. 50 is a drawing showing an example of the 
configuration of a terminal transmitting apparatus according 
to Embodiment 10 of the present invention. In FIG. 50, a data 
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generation section 4904 generates a transmit 

digital signal 4905 from transmit data 4901, antenna 
information 4902, which is information on the number of 
antennas the terminal has for receiving, and radio wave 
5 propagation environment estimation signal 4903, and outputs 
transmit digital signal 4905 to a modulated signal generation 
section 4906. 

Modulated signal generation section 4906 modulates 
transmit digital signal 4905, and outputs a transmit 
10 quadrature baseband signal 4907 to a radio section 4908. 

Radio section 4908 converts transmit quadrature 
baseband signal 4907 to radio frequency, and a transmit signal 
4909 is output as a radio wave from an antenna 4910. 

FIG. 51 is a drawing showing an example of the frame 
15 configuration of a modulated signal transmitted by a terminal 
according to Embodiment 10 of the present invention . In FIG. 51, 
reference numeral 5001 indicates antenna information symbols, 
reference numeral 5002 indicates radio wave propagation 
environment symbols , and reference numeral 5003 indicates data 
2 0 symbols . 

FIG. 52 is a drawing showing an example of the 
configuration of a terminal receiving apparatus according to 
Embodiment 10 of the present invention. Parts in FIG. 52 
identical to those in FIG. 4 or FIG. 30 are assigned the same 
25 reference numerals as in FIG. 4 or FIG. 30, and detailed 
descriptions thereof are omitted. 

In FIG. 52, a radio wave propagation environment 
estimation section 5101 estimates the radio wave propagation 
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environment from post- Fourier- trans form 

signals 306 and 316, and outputs a radio wave propagation 
environment estimation signal 5102. 

Using FIG. 45, FIG. 46, FIG. 47, FIG. 48, FIG. 49, FIG. 50, 
5 FIG. 51, and FIG. 52, a description will now be given of a 
communication method whereby a radio communication apparatus 
that receives information on the number of antennas provided 
from a communicating party, is provided with a plurality of 
antennas, and has a function that transmits a plurality of 

10 channels, transmits modulated signals of a number of channels 
in accordance with information on the number of antennas. 

The configuration of a terminal that can receive three 
channels is described below. 

FIG. 49 shows a terminal receiving apparatus that can 

15 receive signals of channels A, B, and C. FIG. 50 shows the 
terminal transmitting apparatus, in which data generation 
section 4904 has, as input, transmit data 4901, antenna 
information 4902, which is information indicating that three 
antennas are provided or that 3-channel multiplex signals can 

20 be received, and a radio wave propagation environment 

estimation signal 4903, and outputs transmit digital signal 
4905 in accordance with the frame configuration in FIG. 51. 
At this time, radio wave propagation environment estimation 
signal 4903 in FIG. 50 corresponds to radio wave propagation 

25 environment estimation signal 4842 in FIG. 49. 

FIG. 52 shows a terminal receiving apparatus that can 
receive signals of channelsAandB. FIG. 50 shows the terminal 
transmitting apparatus, in which data generation section 4904 
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has, as input, transmit data 4901, antenna information 

4902, which is information indicating that two antennas are 
provided or that 2-channel multiplex signals can be received, 
and a radio wave propagation environment estimation signal 
5 4903, and outputs transmit digital signal 4905 in accordance 
with the frame configuration in FIG. 51. At this time, radio 
wave propagation environment estimation signal 4903 in FIG. 50 
corresponds to radio wave propagation environment estimation 
signal 5102 in FIG. 52. 
10 The configuration of a base station will now be 

described . 

FIG. 48 shows a base station receiving apparatus. At 
this time, it is assumed that, for example, communication is 
being performed with a terminal capable of demodulating 

15 channels A, B, and C as shown in FIG. 49. Data separation 
section 4701 has a received digital signal as input, separates 
data transmitted from the terminal with the frame 
configuration in FIG. 51, and outputs receive data 4702, 
antenna information signal 4703, and radio wave propagation 

20 environment estimation signal 4704. Here, antenna 

information signal 4703 is information indicating that three 
antennas are provided or that 3-channel multiplex signals can 
be received. 

Frame configuration determination section 4705 has 
25 antenna information signal 4703 and radio wave propagation 
environment estimation signal 4704 as input, determines frame 
configurations based on antenna information signal 4703 and 
radio wave propagation environment estimation signal 4704, 
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and outputs frame configuration signal 4706. 

Here, the frame configurations based on antenna information 
signal 4703 indicating that three antennas are provided or 
that 3-channel multiplex signals can be received are as shown 
5 in FIG. 45 . 

In FIG. 45, since the terminal that is the communicating 
party can receive three channels, when radio wave propagation 
environment estimation signal 4704 indicates that the radio 
wave propagation environment is good, signals of three 

10 channels are multiplexed and transmitted, as at times 3, 6, 
7, and 10, for example. When the radio wave propagation 
environment is fair, signals of two channels are multiplexed 
and transmitted, as at times 4 and 5. When the radio wave 
propagation environment is poor, a signal of one channel is 

15 transmitted, as at times 8 and 9. 

The base station transmitting apparatus in FIG. 47 
transmits modulated signals based on FIG. 45 frame 
configurations contained in frame configuration signal 4619. 

Next, the situation when communication is performed with 

20 a terminal capable of modulating channels A and B will be 
described . 

In the base station receiving apparatus in FIG. 48, data 
separation section 4701 has a received digital signal as input, 
separates data transmitted from the terminal with the frame 
25 configuration in FIG. 51, and outputs receive data 4702, 

antenna information signal 4703, and radio wave propagation 
environment estimation signal 4704. Here, antenna 
information signal 4703 is information indicating that two 
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antennas are provided or that 2-channel multiplex 

signals can be received. 

Frame configuration determination section 4705 has 
antenna information signal 4703 and radio wave propagation 
5 environment estimation signal 4704 as input, determines frame 
configurations based on antenna information signal 4703 and 
radio wave propagation environment estimation signal 4704, 
and outputs frame configuration signal 4706. Here, the frame 
configurations based on antenna information signal 4703 

10 indicating that two antennas are provided or that 2-channel 
multiplex signals can be received are as shown in FIG. 46. 

In FIG. 46, since the terminal that is the communicating 
party can receive two channels, when radio wave propagation 
environment estimation signal 4704 indicates that the radio 

15 wave propagation environment is good, signals of two channels 
are multiplexed and transmitted, as at times 3, 4, 5, 7, and 
10, for example. When the radio wave propagation environment 
is poor, a signal of one channel is transmitted, as at times 
6, 8, and 9. 

20 The base station transmitting apparatus in FIG. 47 

transmits modulated signals based on FIG. 46 frame 
configurations contained in frame configuration signal 4619. 

The configurations of the transmitting apparatus and 
receiving apparatus above are not limited to the 

25 configurations in FIG. 47, FIG. 48, FIG. 49, FIG. 50, or FIG. 52. 
Also, in FIG. 47, a configuration has been illustrated that 
has three antennas and is capable of multiplexing three 
channels, but the present invention is not limited to this. 
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Furthermore, an example has been described in which OFDM 

is used as the communication method, but it is possible to 
implement the present invention similarly with a multicarrier 
method, a spread spectrum communication method, or a 
5 single-carrier method. Moreover, a spread spectrum 

communication method may be used as the method for each carrier 
in a multicarrier system. Thus, it is possible to implement 
the present invention similarly with 0 FDM-C DM . 

Furthermore, there are also cases where one antenna is 

10 composed of a plurality of antennas. 

Thus, according to a transmitting apparatus and 
receiving apparatus of this embodiment, by dynamically 
changing the number of multiplex channels by using a 
communication method whereby a radio communication apparatus 

15 that receives information on the number of antennas provided 
from a communicating party, is provided with a plurality of 
antennas, and has a function that transmits a plurality of 
channels, transmits modulated signals of a number of channels 
in accordance with information on the number of antennas, it 

20 ispossibletoachieve compatibility between data transmission 
speed and received data quality. 

(Embodiment 11) 

In Embodiment 11 of the present invention, a description 
25 is given of a communication method whereby, in a communication 
method in which modulated signals of a plurality of channels 
are transmitted from a plurality of antennas, the first channel 
is used as a pilot channel, the pilot channel modulation method 
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is changed to one or another PSK modulation method 

according to the radio wave propagation environment or the 
like, and the modulation method for other than the first channel 
is changed to one or another modulation method according to 
5 the radio wave propagation environment or the like. 

Using FIG. 3 , FIG . 19, FIG. 27, FIG . 2 9, FIG. 48, FIG. 50, 
and FIG. 52, a description will now be given of a communication 
method whereby, in a communication method in which modulated 
signals of a plurality of channels are transmitted from a 

10 plurality of antennas, the first channel is used as a pilot 
channel, the pilot channel modulation method is changed to 
one or another PSK modulation method according to the radio 
wave propagation environment or the like, and the modulation 
method for other than the first channel is changed to one or 

15 another modulation method according to the radio wave 
propagation environment or the like. 

The configuration of a terminal receiving apparatus is 
as shown in FIG . 52 , in which radiowave propagation environment 
estimation section 5101 estimates the radio wave propagation 

20 environment from post-Fourier-transform signals 306 and 316, 
and outputs a radio wave propagation environment estimation 
signal . 

The configuration of a terminal transmitting apparatus 
is as shown in FIG. 50, in which data generation section 4904 
25 has transmit data 4901, antenna information 4902, and a radio 
wave propagation environment estimation signal 4903 as input, 
and configures and outputs transmit digital signal 4905 in 
accordance with the frame configuration in FIG. 51. At this 
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time, radio wave propagation environment 

estimation signal 4903 corresponds to radio wave propagation 
environment estimation signal 5102 in FIG. 52. 

The configuration of a base station receiving apparatus 
5 is as shown in FIG. 48, in which data separation section 4701 
separates received digital signal 3906 into receive data 4702, 
antenna information signal 4703, and radio wave propagation 
environment estimation signal 4704 in accordance with the 
frame configuration in FIG. 51, and outputs receive data 4702, 

10 antenna information signal 4703, and radio wave propagation 
environment estimation signal 4704. Frame configuration 
determination section 4705 has antenna information signal 4703 
and radio wave propagation environment estimation signal 4704 
as input, and changes the modulation method in accordance with 

15 radio wave propagation environment estimation signal 4704, 
for example. 

At this time, if channel A is a pilot channel in the 
FIG. 19, FIG. 27, or FIG. 29 frame configurations, a modulation 
method change is performed only for channel B. This is because, 

20 when channel B is demodulated, it is demodulated based on a 
channel A signal, and therefore it is preferable for the channel 
A modulation method to be fixed. 

Alternatively, the modulation methods to which a change 
can be made for channel B are not limited, but the modulation 

25 method to which a change can be made for channel A is limited 
to a PSK method. This is because PSK modulation has no 
amplitude fluctuations, and it is therefore possible to 
demodulate channel B. 
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Also, communication control can be performed 

accurately by transmitting important information for 
performing communication control by means of channel A PSK 
modulation. For example, it is possible to use PSK modulation 
5 only for channel A for this purpose, transmit data by means 
of channel B, and change the modulation method in order to 
achieve compatibility between data transmission speed and 
received data quality. 

The configurations of the transmitting apparatus and 

10 receiving apparatus above are not limited to the 

configurations in FIG. 3, FIG. 4 8, FIG. 50, or FIG. 52. Also, 
in the frame configurations in FIG. 19, FIG. 27, multiplex 
frames with two channels and two antennas have been illustrated, 
but the present invention is not limited to this. For example, 

15 it is possible for the transmitting apparatus to transmit 
multiplex frames using three channels and three antennas. 
Also, an example has been described in which OFDM is used as 
the communication method, but it is possible to implement the 
present invention similarly with a multicarrier method, a 

20 spread spectrum communication method, or a single-carrier 
method, and a spread spectrum communication method may be used 
as the method for each carrier in a multicarrier system. Thus , 
it is possible to implement the present invention similarly 
with OFDM-CDM. 

25 Furthermore, there are also cases where one antenna is 

composed of a plurality of antennas. 

Thus, according to a transmitting apparatus and 
receiving apparatus of this embodiment, by changing the 
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modulation method according to the radio wave 

propagation environment by using a communication method 
whereby, in a communication method in which modulated signals 
of a plurality of channels are transmitted from a plurality 
5 of antennas, the first channel is used as a pilot channel, 
the pilot channel modulation method is changed to one or another 
PSK modulation method according to the radio wave propagation 
environment or the like, and the modulation method for other 
than the first channel is changed to one or another modulation 
10 method according to the radio wave propagation environment 
or the like, it is possible to achieve compatibility between 
data transmission speed and received data quality. 

(Embodiment 12) 

15 In Embodiment 12 of the present invention, a description 

is given of a method whereby an antenna to be used for 
transmission is selected based on radio wave propagation 
environment estimation information from the communicating 
party, and a method whereby an antenna to be used for reception 

20 by the communicating party is determined based on radio wave 
propagation environment information from the communicating 
party, and reported to the communicating party. 

FIG. 53 is a block diagram showing an example of base 
station transmit signal frame configurations according to 

25 Embodiment 12 of the present invention. Parts in FIG. 53 
identical to those in FIG. 2 or FIG. 45 are assigned the same 
reference numerals as in FIG. 2 or FIG. 45, and detailed 
descriptions thereof are omitted. 
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FIG. 54 is a drawing showing an example of the 

configuration of a terminal receiving apparatus according to 
Embodiment 12 of the present invention. Parts in FIG. 54 
identical to those in FIG. 49 are assigned the same reference 
5 numerals as in FIG. 49, and detailed descriptions thereof are 
omitted . 

Using received quadrature baseband signal 4804, a 
channel distortion estimation section 5301 estimates channel 
distortion of a transmit signal transmitted from transmitting 

10 antenna 1, and outputs a transmitting antenna 1 channel 
distortion estimation signal 5302 to a radio wave propagation 
environment estimation section 4841. 

Using received quadrature baseband signal 4804, a 
channel distortion estimation section 5303 estimates channel 

15 distortion of a transmit signal transmitted from transmitting 
antenna 2, and outputs a transmitting antenna 2 channel 
distortion estimation signal 5304 to radio wave propagation 
environment estimation section 4841. 

Using received quadrature baseband signal 4804, a 

20 channel distortion estimation section 5305 estimates channel 
distortion of a transmit signal transmitted from transmitting 
antenna 3, and outputs a transmitting antenna 3 channel 
distortion estimation signal 5306 to radio wave propagation 
environment estimation section 4841. 

25 Using received quadrature baseband signal 4814, a 

channel distortion estimation section 5307 estimates channel 
distortion of a transmit signal transmitted from transmitting 
antenna 1, and outputs a transmitting antenna 1 channel 
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distortion estimation signal 5308 to radio wave 

propagation environment estimation section 4841. 

Using received quadrature baseband signal 4814, a 
channel distortion estimation section 5309 estimates channel 
5 distortion of a transmit signal transmitted from transmitting 
antenna 2, and outputs a transmitting antenna 2 channel 
distortion estimation signal 5310 to radio wave propagation 
environment estimation section 4841. 

Using received quadrature baseband signal 4814, a 

10 channel distortion estimation section 5311 estimates channel 
distortion of a transmit signal transmitted from transmitting 
antenna 3, and outputs a transmitting antenna 3 channel 
distortion estimation signal 5312 to radio wave propagation 
environment estimation section 4841. 

15 Using received quadrature baseband signal 4824, a 

channel distortion estimation section 5313 estimates channel 
distortion of a transmit signal transmitted from transmitting 
antenna 1, and outputs a transmitting antenna 1 channel 
distortion estimation signal 5314 to radio wave propagation 

20 environment estimation section 4841. 

Using received quadrature baseband signal 4824, a 
channel distortion estimation section 5315 estimates channel 
distortion of a transmit signal transmitted from transmitting 
antenna 2, and outputs a transmitting antenna 2 channel 

25 distortion estimation signal 5316 to radio wave propagation 
environment estimation section 4841. 

Using received quadrature baseband signal 4824, a 
channel distortion estimation section 5317 estimates channel 
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distortion of a transmit signal transmitted from 

transmitting antenna 3, and outputs a transmitting antenna 
3 channel distortion estimation signal 5318 to radio wave 
propagation environment estimation section 4841. 
5 Radio wave propagation environment estimation section 

4841 estimates the radio wave propagation environment from 
transmitting antenna 1 channel distortion estimation signals 
5302, 5308, and 5314, transmitting antenna 2 channel 
distortion estimation signals 5304, 5310, and 5316, and 

10 transmitting antenna 3 channel distortion estimation signals 
5306, 5312, and 5318, and outputs the result as radio wave 
propagation environment estimation information signal 4842. 

An antenna selection section 5319 has received 
quadrature baseband signals 4804, 4814, and 4824 as input, 

15 selects input from an antenna to be used for demodulation, 
and outputs this as antenna selection signal 5320. 

FIG. 55 is a drawing showing an example of the 
configuration of a terminal transmitting apparatus according 
to Embodiment 11 of the present invention. Parts in FIG. 55 

20 identical to those in FIG. 50 are assigned the same reference 
numerals as in FIG. 50, and detailed descriptions thereof are 
omitted . 

FIG. 56 is a drawing showing an example of the frame 
configuration of a modulated signal transmitted by a terminal 
25 according to this embodiment. In FIG. 56, reference numeral 
5501 indicates channel distortion estimation symbols from 
transmitting antenna 1, reference numeral 5502 indicates 
channel distortion estimation symbols from transmitting 
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antenna 2, reference numeral 5503 indicates 

channel distortion estimation symbols from transmitting 
antenna 3, and reference numeral 5504 indicates data symbols. 
FIG. 57 is a drawing showing an example of the 
5 configuration of a base station transmitting apparatus 

according to Embodiment 11 of the present' invent ion . Parts 
in FIG. 57 identical to those in FIG. 47 are assigned the same 
reference numerals as in FIG. 47, and detailed descriptions 
thereof are omitted. Reference numeral 5602 indicates 

10 antenna information used by a terminal for reception. 

An antenna selection section 5601 outputs transmit 
signals 4605 and 4611 as radio waves from antenna 4606, 4612 , 
or 4618, in accordance with the frame configuration indicated 
by frame configuration signal 4619. 

15 FIG. 58 is a drawing showing an example of the 

configuration of a base station receiving apparatus according 
to Embodiment 11 of the present invention. A used antenna 
determination section 5701 has radio wave propagation 
environment estimation signal 4704 as input, and outputs frame 

20 configuration signal 4706 and antenna information 5702 used 
by a terminal for reception. 

FIG. 59 is a drawing showing an example of the 
configuration of a base station transmitting apparatus 
according to Embodiment 11 of the present invention. Parts 

25 in FIG. 59 identical to those in FIG. 47 are assigned the same 
reference numerals as in FIG. 47, and detailed descriptions 
thereof are omitted. 

In FIG. 59, a modulated signal generation section 5804 
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has a channel A transmit digital signal 5801, 

channel B transmit digital signal 5802, antenna information 
5803 used by a terminal for reception, and frame configuration 
information 4619 as input, and generates and outputs transmit 
5 quadrature baseband signals 4603, 4609, and 4 615 in accordance 
with frame configuration information 4619. 

Using FIG. 53, FIG. 54, FIG. 55, FIG. 56, FIG. 57, FIG. 58, 
and FIG. 59, a description will now be given of a method whereby 
an antenna to be used for transmission is selected based on 

10 radio wave propagation environment estimation information 
from the communicating party, and a method whereby an antenna 
to be used for reception by the communicating party is 
determined based on radio wave propagation environment 
information from the communicating party, and reported to the 

15 communicating party. 

For example, in order to estimate the radio wave 
propagation environment in a terminal receiving apparatus, 
the base station transmitting apparatus in FIG. 57 or FIG. 59 
transmits estimation symbols 103 as in times 1, 2, and 3, and 

20 times 11, 12, and 13, in FIG. 53. 

Then, transmitting antenna 1 channel distortion 
estimation section 5301 of the terminal receiving apparatus 
in FIG. 54 has received quadrature baseband signal 4804 as input , 
estimates channel distortion of a signal transmitted from 

25 antenna 1 - that is, antenna 4606 - in FIG. 47 from time 1 and 
11 estimation symbols 103, and outputs transmitting antenna 
1 channel distortion estimation signal 5302. 

Similarly, transmitting antenna 1 channel distortion 
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estimation section 5307 of the receiving apparatus has 

received quadrature baseband signal 4814 as input, estimates 
channel distortion of a signal transmitted from antenna 1 - 
that is, antenna 4606 - in FIG. 47 from time 1 and 11 estimation 
5 symbols 103, and outputs transmitting antenna 1 channel 
distortion estimation signal 5208. 

Similarly, transmitting antenna 1 channel distortion 
estimation section 5313 of the receiving apparatus has 
received quadrature baseband signal 4824 as input, estimates 

10 channel distortion of a signal transmitted from antenna 1 - 
that is, antenna 4606 - in FIG. 47 from time 1 and 11 estimation 
symbols 103, and outputs transmitting antenna 1 channel 
distortion estimation signal 5214. 

Transmitting antenna 2 channel distortion estimation 

15 section 5303 of the receiving apparatus has received 

quadrature baseband signal 4804 as input, estimates channel 
distortion of a signal transmitted from antenna 2 — that is, 
antenna 4612 - in FIG. 47 from time 2 and 12 estimation symbols 
103, and outputs transmitting antenna 2 channel distortion 

20 estimation signal 5304. 

Similarly, transmitting antenna 2 channel distortion 
estimation section 5309 of the receiving apparatus has 
received quadrature baseband signal 4814 as input, estimates 
channel distortion of a signal transmitted from antenna 2 - 

2 5 that is, antenna 4612 - in FIG. 47 from time 2 and 12 estimation 
symbols 103, and outputs transmitting antenna 2 channel 
distortion estimation signal 5310. 

Similarly, transmitting antenna 2channel distortion 
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estimation section 5315 of the receiving apparatus has 

received quadrature baseband signal 4824 as input, estimates 
channel distortion of a signal transmitted from antenna 2 - 
that is, antenna 4612 - in FIG. 59 from time 2 and 12 estimation 
5 symbols 103, and outputs transmitting antenna 2 channel 
distortion estimation signal 5316. 

Transmitting antenna 3 channel distortion estimation 
section 5305 of the receiving apparatus has received 
quadrature baseband signal 4804 as input, estimates channel 

10 distortion of a signal transmitted from antenna 3 - that is, 
antenna 4618 - in FIG. 59 from time 3 and 13 estimation symbols 
103, and outputs transmitting antenna 3 channel distortion 
estimation signal 5306. 

Similarly, transmitting antenna 3 channel distortion 

15 estimation section 5311 of the receiving apparatus has 

received quadrature baseband signal 4814 as input, estimates 
channel distortion of a signal transmitted from antenna 3 — 
that is, antenna 4618 - in FIG. 59 from time 3 and 13 estimation 
symbols 103, and outputs transmitting antenna 3 channel 

20 distortion estimation signal 5312. 

Similarly, transmitting antenna 3 channel distortion 
estimation section 5317 of the receiving apparatus has 
received quadrature baseband signal 4824 as input, estimates 
channel distortion of a signal transmitted from antenna 3 — 

25 that is, antenna 4618 - in FIG. 59 from time 3 and 13 estimation 
symbols 103, and outputs transmitting antenna 3 channel 
distortion estimation signal 5318. 

Then, radio wave propagation environment estimation 
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section 4841 has transmitting antenna 1 

channel distortion estimation signals 5302, 5308, and 5314, 
transmitting antenna 2 channel distortion estimation signals 
5304, 5310, and 5316, and transmitting antenna 3 channel 
5 distortion estimation signals 5306, 5312, and 5318 as input, 
and outputs radio wave propagation environment estimation 
signal 4 842. 

FIG. 55 shows aterminal transmitting apparatus, in which 
data generation section 4904 has transmit data 4901 and radio 

10 wave propagation environment estimation signal 4903 as input, 
and outputs transmit digital signal 4905 in accordance with 
the frame configuration in FIG. 56. At this time, radio wave 
propagation environment estimation signal 4903 corresponds 
to radio wave propagation environment estimation signal 4842 

15 in FIG. 54. 

FIG. 58 shows a base station receiving apparatus, in which 
data separation section 4701 has transmit digital signal 4905 
in accordance with the frame configuration in FIG. 56 as input, 
separates this into data and a radio wave propagation 

20 environment estimation signal, and outputs receive data 4702 
and radio wave propagation environment estimation signal 4704 . 

Used antenna determination section 5701 has radio wave 
propagation environment estimation signal 4704 as input, 
determines an antenna to be used by the base station for 

25 transmitting a modulated signal based on radio wave 

propagation environment estimation signal 4704, and outputs 
this as frame configuration signal 4706. An antenna used by 
a terminal for reception is determined based on the kind of 
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frame configurations in FIG. 53 and radio wave 

propagation environment estimation signal 4704 , for example, 
and antenna information 5702 used by a terminal for reception 
is output . 

5 FIG. 59 shows an example of the configuration of a base 

station transmitting apparatus, in which modulated signal 
generation section 5804 has channel A transmit digital signal 
5801, channel B transmit digital signal 5802, antenna 
information 5803 used by a terminal for reception, and frame 

10 configuration information 4619 as input, and outputs transmit 
quadrature baseband signals 4603,, 4609, and4615-for example, 
transmitting antenna information used by a terminal for 
reception at time 4 antenna 1 in FIG. 53, and transmitting 
modulated signals from antenna 1 and antenna 2 in times 5 to 

15 10. At this time, frame configuration s ignal 4 61 9 corresponds 
to frame configuration signal 4706 in FIG. 58, and antenna 
information 5803 used by a terminal for reception corresponds 
to antenna information 5702 used by a terminal for reception 
in FIG . 58 . 

20 FIG. 57 shows a base station transmitting apparatus 

configuration that differs from that in FIG. 59. In FIG. 57, 
antenna selection section 5601 has transmit signals 4605 and 
4611, and frame configuration signal 4619, as input, and 
selects output by antenna 1, antenna 2, or antenna 3, in 

25 accordance with FIG. 53 frame configurations, and transmit 
signals 4605 and 4611 are output as radio waves from antenna 
1, antenna 2, or antenna 3. 

The configurations of the transmitting apparatus and 
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receiving apparatus above are not limited to the 

configurations in FIG. 48, FIG. 54, FIG. 55, FIG. 57, or FIG. 59. 
Also, in the frame configurations in FIG. 53, FIG. 27, multiplex 
frames with two channels and three antennas have been 
5 illustrated, but the present invention is not limited to this. 
For example, it is possible for the present invention to be 
similarly implemented with a transmitting apparatus 
transmitting multiplex frames using three channels and four 
antennas. Also, an example has been described in which OFDM 

10 is used as the communication method, but it is possible to 
implement the present invention similarly with a multicarrier 
method, a spread spectrum communication method, or a 
single-carrier method, and a spread spectrum communication 
method may be used as the method for each carrier in a 

15 multicarrier system. Thus, it is possible to implement the 
present invention similarly with OFDM-CDM. Moreover, an 
example of communication between one base station and one 
terminal has been described, but it is possible to implement 
the present invention similarly for one base station and n 

2 0 terminals . 

Furthermore, there are also cases where one antenna is 
composed of a plurality of antennas. 

Thus, according to a transmitting apparatus and 
receiving apparatus of this embodiment, data received data 

25 quality is improved by selecting a transmitting/ receiving 
antenna with the best multiplex signal separation precision 
by using a method whereby an antenna to be used for transmission 
is selected based on radio wave propagation environment 
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estimation information from the communicating party, 

and a method whereby an antenna to be used for reception by 
the communicating party is determined based on radio wave 
propagation environment information from the communicating 
5 party, and reported to the communicating party. 

(Embodiment 13) 

In Embodiment 13 of the present invention, a description 
is given of a pilot symbol transmission method in a MIMO 

10 (Multi-Input Multi-Output) system in which modulated signals 
of a plurality of channels are transmitted from a plurality 
of antennas at the same frequency, and are received by a 
plurality of antennas and demodulated. 

In a MIMO system, when channel state information (CSI) 

15 is known not only in the receiving station but also on the 
transmitting side, a communication method can be implemented 
whereby the transmitting station transmits a signal vectored 
using a transmission channel signature vector to the receiving 
station from a transmitting array antenna, and the receiving 

20 station detects the transmit signal using a reception channel 
signature vector corresponding to the transmission channel 
signature vector from a received signal at a receiving array 
antenna, and demodulates the signal. 

In particular, as a communication mode in which a 

25 plurality of channels are configured and multiplex 

transmission of signals is performed in the communication 
space, there is an eigenmode that uses a channel matrix singular 
vector or eigen vector. This eigenmode is a method that uses 
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these singular vectors or eigen vectors as 

aforementioned channel signature vectors. A channel matrix 
here is a matrix that has complex channel coefficients of a 
combination of all or some of the antenna elements of the 
5 transmitting array antenna and antenna elements of the 
receiving array antenna as elements. 

As a method whereby the transmitting station obtains 
downlink channel state information, with TDD, in which 
carriers of the same frequency are used in a radio channel 

10 uplink and downlink, it is possible to perform estimating or 
measuring of channel state information in the transmitting 
station using the uplink from the transmitting station by means 
of channel reciprocity. On the other hand, with FDD, in which 
carriers of different frequencies are used in the uplink and 

15 downlink, it is possible to obtain accurate downlink CSI in 
the transmitting station by estimating or measuring downlink 
channel state information in the receiving station. 

A feature of the eigenmode is that, particularly when 
a MIMO system radio channel is handled as a narrowband flat 

20 fadingprocess, MIMO system channel capacity can be maximized . 
For example, in a radio communication system that uses OFDM, 
it is usual for design to be carried out so that guard intervals 
are inserted in order to eliminate inter-symbol interference 
due to multipath delayed waves, and each OFDM subcarrier is 

25 a flat fading process. Therefore, when an OFDM signal is 
transmitted in a MIMO system, by using the eigenmode it is 
possible, for example, to transmit a plurality of signals 
multiplexed spatially in each subcarrier. 
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As a communication method that uses a MIMO 

system, several methods have been proposed whereby, in 
contrast to the eigenmode in which downlink channel state 
information is known in the transmitting station and receiving 
5 station, channel state information for a radio channel is known 
only in the receiving station. BLAST, for example, is known 
as a method whereby signals are transmitted and are multiplexed 
spatially for the same purpose as with the eigenmode. Also, 
transmission diversity using space-time coding, for example, 

10 is known as a method whereby the degree of signal multiplexing 
is sacrificed - that is, as a method not for increasing capacity 
but whereby a so-called antenna space diversity effect is 
obtained. While the eigenmode is a beam space mode whereby 
a signal is transmitted vectored by a transmitting array 

15 antenna — in other words, a signal is transmitted mapped onto 
beam space - BLAST and space diversity can be thought of as 
antenna element modes since mapping is performed onto antenna 
elements . 

In Embodiment 13 of the present invention, a description 
20 has been given of a transmission method for a pilot signal 
for demodulation in a case where, in a MIMO system, a 
transmitting station transmits modulated signals to a 
receiving station mainly using an eigenmode, but the effect 
described later herein can be obtained in a similar way when 
25 another method that unitizes an antenna element mode is used. 

FIG. 60 is a drawing showing a sample configuration of 
a channel multiplexing communication system using a beam space 
mode typified by an eigenmode in a MIMO system. In the 
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transmitting station, a multiplex frame generation 

section 5901 has a transmit data sequence as input, and 
generates a plurality of transmit frames for mapping onto 
multiplex channels. Based on channel state information 
5 comprising estimation results for propagation channels 
between the transmitting station and receiving station, a 
transmission channel analysis section 5902 calculates a 
plurality of transmission channel signature vectors for 
configuring multiplex channels. A vector multiplexing 

10 section 5903 multiplies individual transmit frames by the 
respective channel signature vectors and combines them, and 
then transmits the resulting signals to the receiving station 
from a transmitting array antenna 5904. 

In the receiving station, a reception channel analysis 

15 section 5911 calculates a plurality of reception channel 
signature vectors for separating multiplexed transmit signals 
based on channel state information comprising estimation 
results for propagation channels between the transmitting 
station and receiving station. Amultiplex signal separation 

20 section 5913 has received signals from a receiving array 
antenna 5912 as input, multiplies these by the respective 
channel signature vectors, and generates a plurality of 
obtained received signal frames. A multiframe combining 
section 5914 gathers together the signals mapped onto the 

25 multiplex channels, and composes a receive data sequence. 

In a communication method of the present invention, a 
symbol of one channel is transmitted at a first frequency, 
and symbols of a plurality of channels modulated by means of 
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a different modulation method are multiplexed and 

transmitted at a second frequency. 

In a communication method of the present invention, 
information on propagation path conditions estimated by a 
5 communicating party is received, a symbol is transmitted at 
a first frequency to a first communicating party, and a symbol 
is transmitted at a second frequency to a communicating party 
whose propagation path conditions are worse than those of the 
first communicating party. 
10 A communication method of the present invention is 

characterized in that a symbol transmitted at a first frequency 
has ahigherdegreeof importance in communication than a symbol 
transmitted at a second frequency. 

In a communication method of the present invention, first 
15 data is transmitted at a first frequency, a difference between 
second data and first data is generated, and the difference 
is transmitted at a second frequency. 

In a communication method of the present invention, a 
symbol of one channel is transmitted at a first frequency at 
20 the start of communication, and after information on 

propagation path conditions estimated by a communicating party 
is received, symbols are transmitted at the first frequency 
and a second frequency. 

In a communication method of the present invention, a 
25 known symbol is transmitted at the start of communication, 
and information on propagation path conditions estimated by 
a communicating party using that known symbol is received. 

A transmitting apparatus of the present invention has 
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a configuration comprising a first modulation section 

that modulates a signal of a first channel and generates a 
first symbol, a second modulation section that modulates a 
signal of a second channel and generates a second symbol, a 
5 first transmitting section that transmits the first symbol 
at a first frequency, and a second transmitting section that 
multiplexes the first symbol and the second symbol and 
transmits the multiplexed symbols at a second frequency. 

A transmitting apparatus of the present invention has 

10 a configuration comprising a receiving section that receives 
information on propagation path conditions estimated by a 
communicating party, and a determination section that 
determines transmission of a symbol by a first transmitting 
section to a first communicating party and transmission of 

15 a symbol by a second transmitting section to a communicating 
party whose propagation path conditions are worse than those 
of the first communicating party based on propagation path 
conditions of a plurality of communicating parties. 

A transmitting apparatus of the present invention has 

2 0 a configuration wherein a first transmitting section transmits 
a symbol of a higher degree of importance in communication 
than a symbol transmitted by a second transmitting apparatus. 

A transmitting apparatus of the present invention has 
a configuration wherein a first transmitting section transmits 

25 a symbol of a first channel at a first frequency at the start 
of communication, and after information on propagation path 
conditions estimated by a communicating party is received, 
a second transmitting section transmits a symbol at a second 
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frequency . 

A transmitting apparatus of the present invention has 
a configuration wherein a first transmitting section transmits 
a known symbol at the start of communication, and a receiving 
5 section receives information on propagation path conditions 
estimated by a communicating party using that known symbol. 

A receiving apparatus of the present invention has a 
configuration comprising a first receiving section that 
receives at a first frequency a radio signal in which a symbol 

10 of one channel is modulated, a second receiving section that 
receives at a second frequency a radio signal in which symbols 
of a plurality of channels modulated by means of a different 
modulation method are multiplexed, a first demodulation 
section that demodulates a signal received by means of a first 

15 carrier, a second demodulation section that demodulates a 
signal received by means of a second carrier, and a separation 
section that separates a signal demodulated by the second 
demodulation section on a channel-by-channel basis. 

A receiving apparatus of the present invention has a 

2 0 configuration comprising an estimation section that estimates 
propagation path conditions based on a known symbol of a radio 
signal received by a first receiving section, and a 
transmitting section that transmits information on 
propagation path conditions estimated by the estimation 

25 section. 

In a communication method of the present invention, a 
symbol of one channel is transmitted at a first time, and 
symbols of a plurality of channels modulated by means of a 
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different modulation method are multiplexed and 

transmitted at a second time. 

In a communication method of the present invention, 
information on propagation path conditions estimated by a 
5 communicating party is received, a symbol is transmitted at 
a first time to a first communicating party, and a symbol is 
transmitted at a second time to a communicating party whose 
propagation path conditions are worse than those of the first 
communicating party . 
10 A communication method of the present invention is 

characterized in that a symbol transmitted at a first time 
has a higher degree of importance in communication than a symbol 
transmitted at a second time. 

In a communication method of the present invention, first 
15 data is transmitted atafirst time, a difference between second 
data and first data is generated, and the difference is 
transmitted at a second time. 

In a communication method of the present invention, a 
symbol of one channel is transmitted at a first time at the 
20 start of communication, and after information on propagation 
path conditions estimated by a communicating party is received, 
symbols are transmitted at the first time and a second time. 

In a communication method of the present invention, a 
known symbol is transmitted at the start of communication, 
25 and information on propagation path conditions estimated by 
a communicating party using that known symbol is received. 

A transmitting apparatus of the present invention has 
a configuration comprising a first modulation section that 
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modulates a signal of a firs t channel and generates a 

first symbol, a second modulation section that modulates a 
signal of a second channel and generates a second symbol, a 
first transmitting section that transmits the first symbol 
5 at a first time, and a second transmitting section that 
multiplexes the first symbol and the second symbol and 
transmits the multiplexed symbols at a second time. 

A transmitting apparatus of the present invention has 
a configuration comprising a receiving section that receives 

10 information on propagation path conditions estimated by a 
communicating party, and a determination section that 
determines transmission of a symbol by a first transmitting 
section to a first communicating party and transmission of 
a symbol by a second transmitting section to a communicating 

15 party whose propagation path conditions are worse than those 
of the first communicating party based on propagation path 
conditions of a plurality of communicating parties. 

A transmitting apparatus of the present invention has 
a configuration wherein a first transmitting section transmits 

20 a symbol of a higher degree of importance in communication 
than a symbol transmitted by a second transmitting apparatus. 

A transmitting apparatus of the present invention has 
a configuration wherein a first transmitting section transmits 
a symbol of a first channel at a first time at the start of 

25 communication, and after information on propagation path 
conditions estimated by a communicating party is received, 
a second transmitting section transmits a symbol at a second 
time . 
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A transmitting apparatus of the present 

invention has a configuration wherein a first transmitting 
section transmits a known symbol at the start of communication, 
and a receiving section receives information on propagation 
5 path conditions estimated by a communicating party using that 
known symbol. 

A receiving apparatus of the present invention has a 
configuration comprising a first receiving section that 
receives at a first time a radio signal in which a symbol of 

10 one channel is modulated, a second receiving section that 
receives at a second time a radio signal in which symbols of 
a plurality of channels modulated by means of a different 
modulation method are multiplexed, a first demodulation 
section that demodulates a signal received by means of a first 

15 carrier, a second demodulation section that demodulates a 
signal received by means of a second carrier, and a separation 
section that separates a signal demodulated by the second 
demodulation section on a channe 1 -by-channe 1 basis. 

A receiving apparatus of the present invention has a 

2 0 configuration comprising an estimation section that estimates 
propagation path conditions based on a known symbol of a radio 
signal received by a first receiving section, and a 
transmitting section that transmits information on 
propagation path conditions estimated by the estimation 

25 section. 

As is clear from the above description, according to 
a communication method of the present invention and a 
transmitting apparatus and receiving apparatus that use that 
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communication method, by transmitting information of 

a high degree of importance by means of a method whereby one 
modulated signal of a communication system is transmitted by 
configuring in accordance with either a method whereby one 
5 modulated signal of a communication system is transmitted, 
or a method whereby a plurality of modulated signals of a 
communication system are multiplexed and transmitted, by 
frequency and time, an effect is achieved of enabling a 
communicating party communicating party to obtain information 

10 accurately. Also, by performing communication by frequency 
or time of a method whereby one modulated signal of a 
communication system is transmitted, and by frequency or time 
of a method whereby a plurality of modulated signals of a 
communication system are multiplexed and transmitted, 

15 according to the communication conditions, an effect is 
achieved of enabling information transmission speed and 
received data quality to be made compatible. 

This application is based on Japanese Patent Application 
No . 2000-206799 filed on July 16, 2002, and Japanese Patent 

2 0 Application No. 2000-259791 filed on September 5, 2002, entire 
content of which is expressly incorporated by reference 
herein . 

Industrial Applicability 
25 The present invention is applicable to a radio 

communication apparatus, base station apparatus, and 
communication terminal apparatus. 



